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96 south Zuni Casper Chen &Associates DefnmCdorado80223 c o r o r a d o ~ s  --- 303174671 05 Ft Collins 
Glenwood Spnngs 
pho(H1Ix 
Rock Spnngs 
salt Lake Clty 
san Antonlo 

June 25, 1987 

Subject: SOil-Gas Survey, 881 Hillside Site, 
Ibdq Flats Plant, Golden, Colorado 

Job No. 6 011 87 

Mr. flaaGreengard 
RxkwiLl  International 
North American Operations 
Eaocky Flats Plant 
P.O. Box 464 
Golden, Colorado 80402-0474 

Dear Mr. Grmard: 

As of the quality assurm, quality control progran for the soil- 
gas surpey at the Hillside study site, blanks and SBlllple duplicates =re 
cmllected and analyzed a lqs ide  the regular soilqas saaples, Ebr sauple 
rrrmrbers 1 throqh 120 at the 881 Hillslde area, there were tm blanks and 13 
sets of duplicaje Ihe results of t h  blank and duplication 
data are shmm on the attached tables. lhe nupbering on these saqks  re- 
flects the 

taken, 

nuuberurg given later to simples a t  other sites. 

Ihe blank samples shoved no sign of contanmation fran either th lab 
No detectable levels of DCE, 

CZC, TCE ard FCE were fom3 i n  either of the tvm blanks. 
preparation or the sauple hardling procedures, 

4 
b 

Noneofthethirteen illlplicate sets for DcE, n o r  cpclshowdetectable 
ions. wicate deviations for-= ranged fraa 0 to 1006 ion counts k 4 i n g  
182. Nine of thirteen PCE had h%ntkal results of 0 or no iorrs 
detected. DupLbte deviations for ltE ranged frau 0 to 352 avefqhg 27, 
W v e  of thirteen TU3 duplicates had i d e n t ~ €  ication values of zero ions de- 
tected, Wen plotted, the dqdicate data shown on the data mape is aver4ed. 

It is difficult  to draw any significant conclusions about the dr;lplicate 
mes due to  the small size of the s e e  set, 'Ihe results appear to 
indicate sane scatter of values when high Corrcentratbns are detected. 

- 



0 '  

Mr. TtmGreengard 
June 25, 1987 
w e  2 

If you have any questions on any of the QA/QC data, please give me a 
call, 

Sincerely, 

aim c ASSOCIATES, INC. 

Kit  Nielsen 
Bwiromental lbgmeer 

BY 



b 

SAMPLE # 

32 
(130) 

SQ 
( 1  19) 

65 
(120) 

77 
70 

93 
(121 1 

98 
(122) 

101 
(123) 

104 
(124) 

107 
(125) 

110 
(126) 

114 
(127) 

115 
(128) 

116 
(129) 

ROCKY FLATS SOIL-GAS SURVEY 

HILLSIDE SITE SAMPLE # 1-120 
QA/C!C RESULTS 

DUPL I CATE 

TCA 

0 0 
0 0 

0 0 
0 0 

0 0 
0 0 

0 0 
0 0 

0 0 
0 0 

0 0 
0 0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

\ 

SAMPLES 

CTC 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

TCE 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
352 

PCE 

965 
209 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

155 
453 

0 
0 

1,006 
0 

968 
1,271 

(###) DENOTES LAB NUMBERING ON DUPLICATE SAMPLES 



ShMPLE # 

17 

44 

ROCKY FLATS SOIL-GGS SURVEY 

HILLSIDE SITE SAMPLE # 1 - 120 
QA/C!C RESULTS 

BLANK SAMPLES 

DCE TCA CTC TCE 

0 0 0 0 

0 0 0 0 

PCE 

0 

0 



96 South Zuni Casper Chen&Associates Denvsr Colorado 80223 Colorado Sonngs 
Corrwlbng Geobcmad Engineers 303t744-7105 Fort Collw 

Glenwood Spnngs 
Rock Spnngs 

san Antmta 
saft Lake CJW 

July 22, 1987 

Subject: Soil- Survey, 903 Pad, Moumi, Fkmce 
Area, Rocky Flats Plant, Golden, 
Colorado 

Job No. 6 011 87 

Mr. TomGreengard 
I(l0Ckwell International 
North American Space Operations 
mcky El- Plant 
P.0, Box 464 
Golden, Colorado 804026474 

Dear Mr, Greengard: 

AS part o f  the quality assurance, quality control program for the soil- 
gas survey at the 903 pad, Mound and Aerree Area study sites, blank and scmple 
duplicates e r e  collected and analyzed alongside the regular s o i l ~ a s  q & s .  
For -e location numbers 120 through 6f8 at the subject areav there e r e  
seven blanks and 41 duplicate sB[lples taken, Ihe results of the blank and 
duplication data are ShaJn on the tables, 'd.le nunbering on t h s e  
sauples reflects the sequential nunbering staring at 120 and going through 658 
at the subject site. 'Ihe nllpbers in parenthesis were nunbers given by the lab 
t o  the duplicate wire and should not be confused w i t h  identical n&rhg 
given to  saatples at other locations. 

* 
!!be blank mles shotd no sign of con +anination fran either the lab 

preparation or the sample hacdling procedures, No detectable levels of DCE, 
TIIA, CCC, !ICE, and FCE were found in any of the seven blank sauples. 

None of the 41 duplicate sets shoklled detectable ions for either Dcg or 
TI=A, of t k  duplicate sets shrrwed no detectable presence of any of 
the five cmqomds analyzed, Fbr the 22 duplicate sets of saqden in which 
laboratory analysis detected either one or more o f  the mpnnx% CIC, lX!E or 
ECE, there are a total of 40 individual duplicate sets that are CQlpated for 
the slngle cQqx)2lnds w i t h i n  the m e  sets, R?e following table summarizes 
the deviation i n  the ion CoMt when the individual duplicate sets are 
cclllpared. 



Mr, TbmGreengard 

Page 2 
July 22, 1987 

Deviation Maqn itude Number of Sets 

0-1 00 
100-200 
200-500 
500-1 000 

1000-5000 
>5000 

4 
8 
11 
4 
7 
6 

HEXI plotted, the duplicate data shown on the data maps i s  averaged, 

The amount of devlation observed in the samples generally is related to 
the magnitude of the caapod  concentration ur the smples. The high concen- 
tration SBIlple sets, 10,000 plus, vary a t  that magnitude. And likewise as the 
comentratxon decrease t o  lower magnitudes, the variance 111 the duplicates 
appears to occur at  these magnitudes, 

If y6u have any questions on any of the WQC data, please 91ve m~ a 
call. 

Sincerely, 

BY 
Kit F. Nielsen 
aviromental Pngmeer 

0- 



SAMPLE 
NUMBER 

120 
(314) 

128 
(332) 

138 
(315) 

153 
(333) 

168 
(317) 

174 
(318) 

179 
(319) 

199 
(320) 

203 
(321 1 

214 
(322)  

223 
(323) 

228 
(324) 

244 
(325)  

247 
(326 1 

ROCKY FLATS SOIL-GAS SURVEY 

903 PAD, MOUND, AND FENCE AREA 
QA/QC RESULTS 

SAMPLE # 120 - 658 
DUPLICATE SAMPLES 

DCE 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

TCA 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

CTC 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

406 
380 

1,848 
1,738 

0 
0 

0 
0 

568 
850 

0 
0 

0 
0 

TCE 

0 
408 

107 
322 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

156 
397 

2,708 
3,253 

0 
0 

0 
0 

0 
0 

0 
0 

380 
237 

PCE 

0 
0 

176 
306 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

165 
105 

1,856 
2,048 

0 
0 

0 
0 

0 
0 

0 
0 

, 

0 
0 ~ 



SAWLE 
NUMBER 

290 
(329 1 

292 
(330) 

320 
(468 1 

384 
(474) 

406 
(475 1 

414 
(476) 

416 
(477) 

422 
423 

426 
(478 1 

ROCKY FLATS SOIL-GAS SURVEY 

903 PAD, MOUND, AND FENCE AREA 
QA/QC RESULTS 

SAMPLE I$ 120 - 658 
DUPLICATE SAMPLES 

DCE 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

TCA 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

CTC 

800 
587 

0 
0 

539 
3,156 

594 
1,572 

408 
967 

0 
0 

0 
0 

1,724 
390 

1,811 
2 , 634 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

TCE 

23 , 546 
17,158 

0 
0 

2,124 
6,201 

196 
847 

0 
0 

0 
0 

863 
0 

732 
116 

819 
1 024 

0 
0 

196 
337 

389 
326 

754 
1 , 484 

1 , 008 
13 , 636 

0 
0 

PCE 

37 , 756 
32,102 

0 
0 

25,094 
73 , 030 

6 , 580 
14 , 749 

4 466 
9 , 776 

0 
0 

0 
0 

23,564 
5 , 540 

16 , 679 
21 , 882 

0 
0 

12,318 
9 , 546 

0 
0 

155 
122 

0 
0 

0 



SAMPLE 
NUMBER 

429 
( 479 1 

458 
459 

466 
(4801 

537 
( 653 1 

569 
(654 1 

603 
(656 1 

631 
(657 1 

632 
(658 1 

ROCKY FLATS SOIL-GAS SURVEY 
QA/QC RESULTS 

903 PAD, MOUND, AND FENCE AREA 
SAMPLE # 120 - 658 

DUPLICATE SAMPLES 

DCE 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

TCA 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

CTC 

754 
803 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

TCE 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

PCE 

0 
0 

52,912 
25,284 

a 
342 

760 
375 

2,950 
3,626 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

(###I LAB NUMBERING OF DUPLICATE SAMPLE 



SAMPLE 
NUMBER 

308 

314 

360 

395 

442 

507 

565 

ROCKY FLATS SOIL-GAS SURVEY 
QA/QC RESULTS 

903 PAD, MOUND, AND FENCE AREA 
SAMPLE # 120 - 658 

FIELD BLANK DATA 

DCE TCA CTC TCE 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

PCE 



96 south Zun Casper Chen&Associates Denvsr.cdorcrdo80223 cdorado Spnngs 
c o n r u # n g G ~ U ~ n e e m  303/;144-7105 Fort Colims . 

Glenwood Spnngs 
Rock Spnngs 
salt Lake City 
san Antonm * 

must 3 ,  1987 

Subject: mimated Cost for Additional Soil- 
Installation Eomts and Slug *sts on 
Rwirormerrtal Wells 

Job No. 6 011 87 

-ll Internatid 
Flats Plant 

mrth knerican s#ce Cperatiuns 
P.O. Box 464 
Golden, Colorado 80402-0464 

Attention: P.M. Backes, Subcontract Z!&unistrator 

Gentlemen: 

h Associates is pleased t o  respond to your requsition of July 20, 
1987, requesting 600 additional soil+ps sauplhg points and 40 slug tests. 

fee for imtalht ion, retrieval and analysis of 600 soil-gas 
points for the caupom3s "23, %A, CCL4, pcE, and XE w i l l  be $90.00 per tube 
resulting in a total fee of $27,000. 

The fee for conducting 40 slug tests and analyzing the data for tranaais- 
sivity W i l l  be $9,823. 'phis fee includes labor charges of approximately 
$8,000 for Coaducturg t b  slug tests, and preparing and producing a letter 
report. Thsr 8 n ; ! r  of the fee, approximately $1,800, is for rental of slug 
test equqmnt, personal protective equw and our envirormnentdl srmpling 
van, Tm inportant assmptions haole been made i n  preparurq our cost est;lPPate 
for slug tests. First, the mrk will be conducted in a -1 C or D protec- 
tive clothing, M, a sufficient nunber,of wells can be tested t o  full 
8-hour work days, 

e 

mtotdLestknated fee for the items dbmssed above is $63,823, If you 
have any guestions concerning this cost estimate breakdom, please feel free 
tocontactme, 

Sincerely, 



96 South Zuni Casper 
Demsr. cdorad080223 Colorado Spnngs 

Ft Corlins 
Glenwood Springs 
phoenu 
Wspnngs 
salt Lake Clty 

Chen&Associates 
comu#mg C%mW&ud Engtmrs 303f744-7105 

San Antonm 

September 10, 1987 

Sub~ect: Real Trme Soil-Gas, Rocky Flats 
mill, R d c y  plats Plant, Golden, 
Colorado 

Job No, 6 011 87 

I(l0ckWeu. International 
R d q  mats Plant 
mrth &aerican spac=e Operations 
P.0. Box 464 
 olde en, Colorado 80402-0464 

~ttent ion:  Mr, TanGreengard 

As recJIlested, Qlen & Associates corducted a real tune soll-gas survey at 
the FbcQ plats lardfill on September ? and 2, 1987. Tknty points e r e  
masured 111 the landfill for nu?- and hydrogen sulfide, T k  location of 
ttrose points are sbwn on Figure 1. 

Methane was analyzed by a Century OVA 128 flane ionization detector in 
Hydrogen sulfide was analyzed by a 

Rwtopac 1 OSSO gas chranatograph w i t h  a photoionization detector. Ihe s m  
of the analyzed canpounds are shun in Table I, All sanple and WQC Ftratovac 
1OS50 chraaatograrrs are sbwn 111 Attahnent 1. 

If you have any questions or If ve may be of further service, please do 
not hesitate to con= us. 

T 

Sincerely, 

David C. Constant 
By 



I I I 1 1 I I I I I I I I I 1 I I I I 
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TABLEI 

SBSfAEtY OF HYDWGEN SULFIDE AND 

Soll-Gas 
lng point 

1 

2 

- 3 

4 

5 

6 

7 

i 
8 

9 

t 10 - 

- 11 

12 

13 

14 

-ion 

N39560 
E20330 

N39380 
E20330 

N39380 
E201 50 

N39560 
E201 50 

N39740 
E201 50 

N39920 
E201 50 

N39740 
El 9970 

N39560 
El 9970 

N393 80 
El 9970 

N39200 
El 9970 

N39470 
E19880 

N39650 
El 9880 

N39740 
El 9790 

N39560 
El 9790 

tlydrogen Sulfide 
VdLUe 
(ppn) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Methane value 
(ppn) 

0 

0.2 

0 

0 

0.4 

0 

0 

0 

0 

0 

0 

0 

0 

0 



SIEPiARY OF RYfXOQN SULE'IDE AND METBANE 

15 

16 

17 

18 

19 

20 

N39380 
El 9790 

N39920 
E20330 

N39740 
E20330 

N39560 
El 961 0 

XU39470 
El 9700 

N39290 
El 9700 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 
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Tritium InvesQgation Documents 



e 
Internal Letter Rockwefl International 

Date 9 November 2 3 8  1987 No 

TO c N a r r , ~ - - )  FROM tuame ~ m ( u a m m m  -) 

W. F. Weston/T. C. Greengard Frank J. Blaha 

- Bulldlng 1 1 1  BI dng T452F 
PI utonl urn Operations Env. Cunp I I ance 

7041 

SUBJECT. RADIOACTIVE SOURCES IN ROCKY FLATS SANITARY LANDFILL 

IDENTIFICATION OF RADIOACT 

On September 308 1973 tr 

dralnage of the Rocky F 

VE PROBLEMS IN LANDFILL 

tlum and strontlurn were detected at the 

ats sanl tary I andf I I I by the Lawrence 

Llvermore Laboratorles (LLL). Because of thls flndlng, rnonltorlng 

we1 Is (cat led at the tlme envlronmental test holes) were Instal led 

In the landf I I led waste to try to identlfy the sources of trltlum 

and strontl urn. 

STRONTIUM STUDY RESULTS 

From September through January of 1973 the results for strontlum 

showed large varlatlons In concentratlon. The LLL sample that had 

been thought to be greatly elevated In strontlurn (34 pCI/L) was re- 

evaluated and found to be less concentrated (16 pCI/L) but above 

background levels. Background levels are consldered to be 

approxtmately 1 - 2.5 pCI/L for strontium in water, based upon 

water samples taken In that tlme perlod from Rock Creek. Sanples 

of groundwater/ leachate from boreholes In the I andf I I I were 

analyzed for strontlurn, and only one sample (from TH-4) appeared 

elevated fn strontlum a t  7 pCI/L. A l l  other samples of 

groundwater/leachate had strontlurn concentratlons of less than 1 

1 



pCf/L. The detection Ilmlts of the method used t o  analyze for 

strontium at the time was 0.1 pCI/L. Strontium was analyzed in the 

landlll ponds, dralnages, and groundwater Intercept system, and 

generally found at background levels. A table of strontium results 

i s  atfached wlth strontium results from the landfill ponds In the 

period of 1973 - 1984. The data do not appear to Indlcate a 

problem wlth migration of strontium. I 

TRITIUM STUDY RESULTS 

Results for tritium were more consistent. Monitoring wells were 

Installed a number of different times resultlng In approxrmately 57 

wells installed directly In the landfilled waste or dlrectly below 

She saiurated waste materlals by the end of the Investigation. 

Elevated trlt? urn readings were fol lowed untl I the source of trltlum 

had been fairly well ldentlfled. The trltlum concentrat ons In the 

water near the trltium source were as high as 301,609 pC /L a+ (TH- 

46). 

The IocatIon of  thls tritium source Is approximate Rocky Flats 

coordinates E:20,015; N:39535. The depth of the trltium source, 

total actlvlty, conf Iguration, and container, If any, are unknown. 

It was estimated in 1974 that the volume of waste containing the 

trltlum source was dumped In approximately 1970. 

The wells nearlng the eastern end of the landfill exhfblted 

decreasing tritium concentratlons. Seeps of leachate at the 

eastern end of  the landffll had trftlum concentratlons of 5,000 - 
7,000 pCi/L In 1973/1974. 

2 



e / The current Derlved Concentrailon Gulde ( D C G )  (based on a DOE 

August 5, 1985 memorandum uslng DOE dose i imlt  of  0.1 rern/yr to 

members of the pub1 I c  from al I pathways, dose conversion factors  

given in the memorandum, and intake rates of 2.0 L/dy for water) 

for iritium is 2,000,000 pCi/L. The current USEPA and Colorado 

standard for t r i t ium in  dr inking water is 20,000 pCI/L, the 

proposed €PA drinking water standard (based on a Sept. 30, 1986 

Advanced Notice of Proposed Ruiemaklng and a r i s k  equal t o  that  

from a dose rate  of 4 mrern/yr) is 90,000 pCi/L. These c r i t e r i a  

Indicate that the leachate that was found downgradient of the 

sanitary I andf I I I never exceeded the dr i  nki ng water standard. The 

leachate in the immediate area of the t r i t ium source never exceeded 

the DCG. These trlt lurn leve l s  which are found i n  the Immediate 

area of the t r i t ium source do not appear to represent a threat to 

human health o r  the environment unless tri t i  um is found migrating 

out of the landf I I I. 

'CORRECTIVE ACTIONS OF 1974 AND MONITORING RESULTS 

A number of options were evaluated in late  1973 and ear ly  1974 for 

correction of  the ident i f ied  problems, lncludlng excavation of  the 

tritlurn source. The selected action was the constructlon of the 

groundwater intercept system (or the llhorseshoe system1') around the 

I andf I 11. The purpose of  t h i s  system was to i so la te  the t r i t ium 

source from the surroundlng environment, and t o  draln as much 

groundwater out of  the landf 1 I I as possible. Th is  was accmpl ished 

by the constructlon of  a c lay  wall to prevent the migration of  

3 



uncontain i nated groundwater Into the I andf I I I Th 1 s cl ay wal I 

redlrected the groundwater to a perforated plpe for  collectlon. 

This plpe was provlded wlth a slope, and a t  the eastern lfmlts of 

the expected f I I I the plpe became a sol i d  wal I sewer plpe. There 

were three optlons, dependlng on whlch valves were open, for 

dralnage of t h i s  Intercepted groundwater: to  draln the water into a 

western pond, or to have 

the water dayllght below the dam for the eastern pond. The eastern 

pond Is the pond that stlll exfsts. The western pond was Intended 

t o  draln the water Into an e a s t eh  pond, 

for the management of leachate or contamlnated groundwater. The 

Intercepted groundwater was found to not be contamlnated wlth 

trlt ium I n  early 1974 (trltiurn concentrations of 500 - 1,000 pCI/L, 

compared to background values of approxlmately 500 pCl/L). Thls  

water was therefore al lowed to day1 lght below the dam for the 

eastern pond. Extenstve monitorlng of t h l s  water continued from 

1974 t o  1981 and identified no mlgration of Contaminants. 

The leachate and runoff water collected I n  the western leachate 

pond was found to  contaln 1800 - 7922 pCI/L of trlt ium in  1974. The 

trltlurn concentrations I n  t h l s  pond decreased wlth tlme (922 - 1365 

pCI/L I n  1977 and 490 - 886 pCl/L I n  1980). Table 2, attached, 

contains the trltlum concentratlons found I n  the western pond. 

The western landfl l l  pond was removed for expansion of the landfl l l  

I n  May/June of 1981 . 

The above data lndlcated that the trlt lum source was effectively 

separated from the environment and causlng no environmental 

degradation beyond the lmmedlate area of the trltlum source. 

4 
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IMPLICATIONS FOR 1987 AND LANDFILL CLOSURE 

It is suggested that the tritium source be left In place and that 

long-term monitorlng and maintenance of the landfill be committed 

to in the Closure Plan. These long-term activltles at the landfill 

would lnclude the construction of a sloped low permeabillty 

landflll cap, a small leachate collection system, and groundwater 

monltorlng activities. 

No benefits can be ldentlfled from excavation and dlsposal offslte 

of the tritl urn source unless al I other potentlal sources of 

radioactivity and hazardous waste were also removed. This would 

include the excavatlon of all portlons of the landflll used frcm 

1968 until November 1986. If this were accomplfshed then the 

landfill could conceivably be closed as a non-RCRA regulated 

landfil I .  

The removal of the trltlum source would be most effectlve If all 

potentlal sources of radloactivity were also removed. The removal 

of a1 I potential sources of radioactivity frm the landfill would 

lnclude excavation of large sectlons of the landfill. The sanitary 

landfill was never intended for disposal of radioactive substances, 

but the criterla for identificatlon of these materlals has changed 

through the passage of time. Levels of radioactivtty that were 

essentlally undetectable In the mid 1970's are now quantifiable 

with our improved technology. Current indications are that the 

1000 kg of sanltary sewage sludge deposited in the landfill from 

5 



August 1968 through February 1970 would be consldered radloactlve 

by today's standard. This materlal and would also requlre 

excavatlon in an attempt to rld the landflll of all sources of 

radloactivl ty. These actlvltles would also need to be 

supplemented wIth a leachate cot lection system to draIn al I 

leachate from the landflll and treat it slnce the leachate Is also 

potentfatly radIoactIve. After the effort and cost assoclated wlth 

the above actlvltles, the landfll I portions used frcm 1970 through 

November 1 986 wou I d stl I I requ I re I ong-term monl tor I ng and 

maintenance due to the presence of RCRA deflned hazardous wastes. 

These long-term monltorlng and maintenance actlvitles would 

probably be no dlfferent for a strlctly hazardous waste regulated 

landflll as they would be for a hazardous waste IandfIll wlth some 

radloactlve sources contalned In It. 

Based on currently avai able data and lnformatlon, there appears to 

be no technical prob ems for leavlng the potentlal sources of 

radloactlvlty In place. To date no mIgratIon of radloactlvlty has 

been fdentifled downgradlent or laterally from the landflll. This 

Indlcates that the potentlal radloactlve sources are effecttvely 

contalned In the IandfIll and that the landflll groundwater 

lntercept sysfem Is apparently effectfve. The degradation of water 

quallty within the landfllled waste i s  typlcal of landfflls and 

should not represent a technlcal or regulatory problem as long as 

migration of contaminated groundwater out of the landfill Is not 

Identlfled. The drilling program currently underway wlll Identlfy 

any mlgratlon of contamlnated groundwater out of the landflll and 

6 



will help dotormine the effectlveness of the landfill groundwater 

intercept system in redirecting uncontminated groundwater around 

the landflll. It Is suggested that during closure actlvlties a 

leachate collection system of modest design be Installed In the 

eastern portion of the landfill to collect leachate for removal and 

treatment. This leachate col lection system wi I I prevent the build- 

up of a leachate head In the landfill that would force leachate out 

of the landfill flnal cover or cause leachate contamination of 

groundwater . 

SUMMARY 

The Colorado Department of Health (CDH) Is not currently aware of 

the tritium source In the landflll or of the potentially 

radioactive sewage sludge contained in the landflll. All closure 

actlvitles will be contlngent upon CDH's approval. It Is suggested 

that all discussJons and plans submitted to the CDH pursue leavlng 

these materials in the landflll and long-term monltoring and 

maintanence. This solution to the landflll closure problem will 

protect human health and the environment and should be acceptable 

to  CDH. 

cc:Daryl Hornbacher 
Alan Schubert 
Klrk McKlnley 
John Marschal I 
Gilbert Brlll 

Frank J. Bleha 
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I RESULTS 
> 

1. Landfill Pond - w h r  e ' A* I 

On September 20, 1973, tritium was detected at  the drainage of the 
Rocky Flats sanitary landfill by the Lawrence Livermore Laboratories. 
Above background concentration; of americium-241 were also detected 
by L L L  on the same sample. Subsequent analyses of duplicate samples 
by other agencies confirmed these analyses. 

A dam was constructed at  the east base of the landfill to contain the 
seepage, and a sampling program was initiated. 

The EPA-Nevada laboratories on October 5, 1973, detected strontium-90 
at  the same location. 
EPA-Nevada Laboratories and by other agencies. Table I i s  a summary 
of the results of the initial samplmg. 

These results were later reconfirmed by the 

On October 11, 1973, the RFAO, USAEC requested that the seepage 
collected at the Landfrll dam be analyzed on a daily basis for tritium, 
1strontium-90(~ 1, americium-241 (by gamma scan), plutonium-239, -240, 
a gamma scan and total long-lived alpha 
landfill was initiated to determine concentralzone of trihum, strontn~m-90, 
and americium-241 within the landfill and to possibly locate their source. 

In addition, coring of the 

Ody two significant strontrum-90 results were detected a t  the landfill 
pond. 
November 26 through November 30, 1973, and 7.66 p C i / l  for the week 
of December 10 through December 14, 1973. 

They werc 9.26 pCi/1 on the composite sample for the week of 

Figure I shows the monthly averages of daily analysis for trilzum in 

The analysis for plutonium, americium, and total long-lived alpha 
during the period of October 1 5 ,  1973 through December 28, 1973, 
showed no results above background. (2) 

%e landflll pond from September 1, 1973, through December 3 1 ,  1973 

2. Landfill Survey 

Twenty test holes designated TH-1 through TH-20 (Figure 2 )  were 
drilled through the landfill to a depth of 10  feet urto the natural soil. 
Slotted plastic pipe was then placed in the test holes and water samples 
were taken 
locatzons for tritium, strontium-90, plutonium and a gamma scan a r e  
listed in Table II. 

The analytical results on water samples from these 

I . \  - - -  



TABLE I 

ANALYSIS OF NORTH LANDFILL DRAINAGE 

(Sampled 9 / 2 0 / 73 

241 Date Tritium Sr9O A m  
Results Rcc erved Lab0 rat0 ry (pC1/1) (pC1/1) (PCl/l) 

9 /20/73  LLL 39 ,000  
Sand ia 57 ,900  
LASL 34 ,900  

1 O /  18/73 ~a 
I 10/3 I / 7 3  

11/7/73  

1 1 /  15/73 

EPA 

EPA 

LLL 

RF 

LLL 

25.0 

7.8 

16.0 

0 

735(yscan) 
935 (wet chem. ) 

122 ( Y  scan) 





I 

Test holes T H - I ,  - 3 ,  -4, -5 ,  - 8 ,  and -11 indicated tritium 
concentrations above background 
samples f rom the remaining fourteen t e s t  holes showed no 
result above background 
through TH-34 and TH-45 through T H - 5 5 )  were dri l led in 
the general location of  the high tri t ium and sampled for  
tritium only. T h e s e  results  are a l so  shown in Table 11. 
Concentrations as high as 301 ,609  pCi/1 were  detected in  
well TH-46. 
tritium concentrations has been completed and tri t ium appears 
to be moving as indicated by decreasing concentrations in T H - 4 6  and 
apparent mcreasing concentrations in TH-2, -9, - 10, and 
-12. 

The  analyses of  water 

An additional 25 test holes (TH-21 

Limited resampling o f  wel ls  in the area o f  high - 

These  results are shown in  Table  III. 

Listed in Table  IV are the phenol and elemental analyses  (by 
emission spectroscopy) results  f r o m  the original 2 0  test holes 
Due to insufficient sample, phenol was analyzed at only ten 
locations and elemental analyses w e r e  run on samples from 
only 18 of the original test holes. 

Phenol conc 

concentrations of elements such as Al, Ca,  Fe, Mg, Na and Si 
at most  locations. 

&.+ IP/ S@ e/d 4 
trations above background w e r e  detected at all 

locatrons. p^r Emission spectroscopy detected above Dackground 

Becausc above background strontium and americ ium values were  
detected in the drainage f rom the northeast side of the landfill, 
two additional wel ls  (THZA and TH-ZB) w e r e  drilled in the north- 
east section of the landfill and sampled In addition, the north 
drainage was resampled 
complete; however, a n  initial gamma scan  (Table V) indicates a 
high americium concentration in well  TH-2A I 

Analyses f o r  strontium are not yet 

CONCLUSIONS AND RECOMMENDATIONS \ 

Results to date of the sampling and analysis  program suggest that a 
localized tritium source  may exist in the landfill. 
appear to be  in an area of the landfill used during 1970 Sufficient data is 
not available to speculate on the nature, origin,  o r  type of source  
from the north landfill  drainage suggest the possibility o f  the presence  of 
strontium and americium. 
the past pract ice  of burying sanitary sewage sludge containing small amounts 
of americium and plutonium i n  the landfill 
above background amounts o f  plutonium and/or amer ic ium w e r e  not located 
in some of the landfill  wells. 
explained. 

The  high concentrations 

Results  

The presence  of americium can be  explained by 

It  is  somewhat surprising that 

The  presence  of strontium cannot yet be 
The results are inconsistent in that strontium is sometimes 
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TABLE III 

Sample 
Location 

TH-2 
TH-2 

TH- 9 
TH- 9 

TH- 10 
TH- 10 

TH-12 
TH-12 

TH-46 
TH-46 
TH- 46 
TH-46 

TRITIUM CONCENTRATION CHANCES 

Date 
Sampled 

11/15/73  
1 / 3 / 7 4  

11/20/73  
1 / 3 / 7 4  

11/20/73  
1 / 3 / 7 4  

11 /20 /73  
1 / 3 / 7 4  

1216 173 
1 / 3 / 7 4  
1 / 9 / 7 4  
1 / 1 5 / 7 4  

Tritium 
pCi/ l  

<MDA 
7540 

2 1 3 4  
2638 

666  
910 

1034 
1695 

301 ,609  
214 ,199  
2 1 1 , 3 7 4  
208 ,611  

0 



TABLE IV 

PHENOL CONCENTRATIONS AND 
ELEMENTAL ANALYSIS OF WATER 

FROM ROCKY FLATS LANDFILL 



. 

cc: 
F i l e  

Sample Des E rip tion: 

Sanitary Landfill szmples 

61dg i23 Charge 

Dc?t 

Ext. 

a Results of AnQyscs or Tcsts: 

San~Jc I .  Jl. 

TI-I- 6 

TI{- 8 

TH-17 

TH-14 

Phenol ( p b )  

3 

34 0 

27 

150 



. 

/ 

cc: - 
F i l e  

0 

Sample Dcsenpbon. 

Sanitary L a n d f i l l  samples 

8 

Phenol  (ppb) - 
3590 

TH- 2 2000 

TH- 3 1900 

. TH-4 4 4 0 0  

TII- 5 310 

T€I- 20 1 0  
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TABLE IV 
Page - 3 -  

nr 3 

< 4 0  < 17 < 14 
O S  0.3 0 . 3  
o s  0 2  0 1  
20 < 2  < 1  

a i: 
cs 

P < 2  < Q  9 < 0.7 
Pb 1 0.7 L0.7 
Rb 8 0.9 ' <  1 

'< 0.1 Sb < o  4 < 0.2 
SI > son > 770 > i.sn 
Sn 
Sr 
Ta 

' Te 
nl 

U 
V 
U 
zn 
Z r  



T A B L E  IV 
Page -4-  

p. ff 
fr 1 
A: 
R 
nn 

Et 
Dl 

CP 
Cd 
Ce 

C3 

Ctr 

C C  

If g 
K 
Ll 
If g 
ZI n 
11 0 

N S  
N b  
Nl 

P 
Pb 
Rb 
Sb 
SI 

Sn 

S r  
Ttl 

- 
L e  



TABLE JV 
Pagc -5- 

Rb 
Sb 
SI 
Sn 
Sr 
l e  
Tr 
-Rl 

V 
Fi 
Zn 
Zr 



TABLE IV 
Page -6- 

CS 
cu 
Fc 

Ce 

If K 
K 
La 
lJ R 
tin 
YO 
N u  
N3 

P 
Pb 
Rb 
Sb 
SI 
Sn 
Sr 
T u  

rj 

- 
le 

il 
V 
n 
Zn 
Z r  



TABLE IV 
Page - 7 -  

A e  
A1  
A8 

B 

Dt 
Di 
C. 
cd 

n. 

* :: 
Cr 
cs 
CII 
Fe 
Ce 

E 
Li 
UC 
Un 
UO 
N. 
Nb 
Ni 
P 
Pb 
Rb 
Sb 
SI 
Sn 
S r  
f. 

' Te 

u 

fl 
0 
V 
PI 
zr 
Zr 

/ / 0.004 ( 0  001 ( 0  82 ( 0  302 ' 250 7 14 > 270 > 20 
< 0.2 ( 0  06 K 1.0 < o  u7 
0.04 0.03 0 4  0.06 
3.0 0 6  10 .o 0.3 

c 0.004 < 0.001 <o 02 .( 0.002 
< 0 02 < 0 006 < o  1 < 0 007 

< 0.2 (0 06 < 1 . 0  < 0.07 
( 4  ( 1  c 20 ( 2  
< 0.02 0 006 0 1  0.007 
0.02 0.006 0 4  0.006 
0.4 0 1  20 2 
0.4 0 3  6.3 0.3 

4 >SO > 14 2 270 > 20 
4 0.02 < 0.006 < 0.1 < 0.007 
< 0.04 ( 0.001 < 0.2 < 0.02 
50 14 2 70 20 
0.8 2 0  4 0  0.2 

4 >so > 14 210 > 20 
0.3 10.0 2 .o 2.d 

J r50 14 130 > 20 

0.01 < 0.001 0 - 7  (.! ~ cn2 

< 0.004 < 0 001 < 0.02 to 002 
4 0.04 < 0-01 0 -6  < o.n7 
(0.2 < 0 06 < 1 0  < 0 007 

0 . 2  0.05 0.3 0.06 
8 0  0.1 6.0 0.2 

fl >so > 14 2 70 20 

(0 04 c 0.01 4 0  2 4- 

0.08 0.01 0.2 0 . 3  
0 .8  0.06 1 .O 0 . 2  

<o. 04 < O - O l  < n  3 n.n7 
4 0.4 < 0 - 1  ( 3 0  n . 7  
< 0.04 ( 0  01 0 2  (0 32 

4 0  2.0 80 2 

( 2 0  -- < 0 0 

< 2 . 0  < 0 - 6  < 10.0 

4 0 07 < O  006 < o  1 <0.0007 
I < 10 0 < 8 0 

0.06 4 .n 0 - 0 6  

7 .n < f l R  7n n 7  
0.4 0.1 4 .il 0.1 

I 
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Tritium in Western Landfill Pond 
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1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 

JTERIM REPORT ON CORING AND SAMPLING 
'HE ROCKY FLATS LANDFILL 
18376-74-101 

OCATION AND EWATION OF TEST HOLES DRILLED 
o LOCATE mmuM IN PRESENT LANDFILL 
' represent estimates taken from map) 
qocky Flats Plant Coordinates) 
1 No 

l *  
2* 
3* 

1 
2 

2A 
26 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

34 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 

NORTHING 
39559 
39697 
39741 
39666 
39554 
39508 
39580 
39708 
39488 
39548 
39640 
39454 
39516 
39605 
39414 
39471 
39547 
39395 
39441 
39489 
39397 
39408 
39468 
39531 
3951 1 
39588 
39565 
39502 
39527 
39622 
39586 
39637 
39562 
39615 
39527 
39487 
39540 
39532 
39521 
39527 
39539 
39545 

39537 5 
39541 
39535 
39536 

EASTING 
20172 
2021 4 
20191 
20229 
20278 
20186 
201 12 
20125 
20088 
2001 5 
20041 
Moo3 
19924 
19942 
19888 
19835 
19847 
19815 
19750 
19775 
1 9704 
19654 
19692 
19976 
20028 
2ooo2 
20063 
20142 
20129 
201 15 
20149 
20177 
20191 
20209 
20228 
20213 
19971 
19984 
19979 
19965 
19984 
19982 
19978 
19988 
19989 
19995 

ELEVATION 
598306 
5981 64 
598222 
5981 20 
5979 39 
5988 81 
5984 19 
598359 
598477 
598508 
598398 
598689 
5986 74 
598499 
598844 
598892 
598685 
598846 
5989 42 
5987 76 
5990 72 
5991 07 
598930 
598598 
598544 
598453 
598459 
5984 42 
5984 13 
598366 
598362 
5983 44 
5983 18 
598208 
59826 
598362 
5985 97 
5985 42 
598589 
5985 59 
5985 40 
598555 
5985 70 
598528 
598540 
5985 17 

55 39550 19994 5985 22 



APPENDIX D 

Borehole Logs for 

Present Landfill Monitoring Wells 



Pro joct: Rocky Flats Plant  ILOG OF BORING NO. 4-86 f 1 

t 
Ground Surfaco Elovation 5645 I 

Date Dr111.d &/24/86 Coordlnatoa 

M terlal Der crlgtlon 

2.7-3.0'. CLAY. dark 
grayish brown; iron stains 
and trace granitic 
pebbles; silty; I I o L s t  to 
wet. 

3.0-8.01-Sample. 
Recovrred 1.7/5.0'=34% 

3 0-4.0' CLAY: Same as 
above: moist to wet. 

6 3-8 .0 ' .  CLAY- dark 
grayish brown; silty: iron 
stains and trace granitic 
pebbles, moist to vet. 

8.0-10 S*-Sample. 
Recovered 0.7/2.5'-28%. 

8.0-8 7 '  CLAY dark 
brown. silty, trace 
grading to some granitic 
cobbles: moist. 

10.5-13.0'-Sample. 
Recovered 1.3/2.5*=52t. 

11.7-12.2'. CLAY: medium 
to dark brovn; some 
granitic pebbles and 
cobbles; sandy to 
gravelly: moist. 

Wet at 12.0'. 

12.2-13.0' CLAY: medium 
broun to mediur gray; 
sandy to gravelly; soma 
granitic pebbles and 
cobblea; iron staininq; 
wet. 

en t atlo k e .?a{ anc 
t B b J  lncl 

20 4C m 
p 

20 40 

lommrlrs bpned bv S Paschke ~ w checked bv 

Dro joct No. 
IMP06222 I Hydro-Search, Inc. Paee I of 2 
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LOG OF BORING NO. 4-86 Pro joct: Rocky Flats Plant 

0.10 Orlllod &/21/86 Coordlna to. 
Boring Mothod bllw Stem Auger Ground Surf aco Elovatlon 5645 

M8tori.l 008criptlon 4 
13.0-14.7' C U Y :  medium 
gray: some f i n e  t o  coarse 
rand and some g r a n i t i c  
pebbles; iron staining;  
wet. 

1 4  7-14.9' C U Y -  medium 
gray ;  some f ine  t o  C Q ~ ~ S .  
sand and g r a n i t i c  pebbles, 
iron s t a i n i n g ;  w e t .  

ARAPAHOE FORMATION 

15.5-18.Ot-Sample. 
Recovered 2.5/2.5*=1002. 
CLAYSTONE: medrum gray; 
s l q h t l y  sandy: moist. 

I TOTAL DE-: 18.0' 

be,qedbv S Paschke Checked bv 

Dr o Ioc t No. 

106Po6222 I Hydro-Search, Inc. Paae 2 ?E 2 



VALLEY FILL ALLUVIUM 

0-2.0'-sampie. 
Recovered 2.0/2.0 '=loot 
GRAVEL: grayish red (10R 

grained sand: roots and 
grasses: poorly sorted; 

4/2) with vary fine- 

weatherad; dry. 

2.0-4.O'-Sample. 
Recovered 0.8/2.0'=40). 
GRAVEL grayish red (10R 

quartzite and granite 

poorly sorted; angular: 

-2 4/2) gravel and sand; 

pebble8 and cobble.; 

.5-6.0'-Sample. 
acovered 1 5/2.0'-75%. 

- 4  
areas, poorly sorted: sub- 
angular, unconsolidated: 

h - 
Rocky Flats PLanr LOG OF BORING NO. 5-86 Pr 0 Joct: 

Dato DrIlIod 9/4/86 Coordlnrter 
Boring Mothod %llw Stem Auger Ground Surf ace Elovrtlon 5723 

L 

- 
At; - 

Romar k bgged by 1 rxc* rn Checked by 
I 

Projoct No. 
1obm222 Hydro-Search, Inc. Page 1 of 2 I 

_j 

V/I I{-- 5.7-6 0 ' -  CLAY moderate 
yellowish brown (1OYR 5/41 
with several gray 
quartzite pebbles and 
cobbles: several vhite 
calcareous laminations: 
strong reaction with HCL. 

$4 Y P- - 
Recovered 2.0/2.0'=1001. 
GRAVEL: several qray 
quartzite gravels-and 
pebbles in a moderate 
yellowish brom (lorn 5/41 
clay matrix: angular: 
poorly sorted, veathered, 

mow./ lnct 
20 40 m 
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Pr ojoct: bcky Flats Planc [LOO OF BORING NO. 5-86 

Omto DrUIod 4/21/86 Coot dlna tra 
Borlng Mothod €bllaJ Stem around 8urfacr Elovatlon 5723 

8.0-9.0*-Sarple. 
~ Recovered 0.6/2.0*-30%. 

I CLAY: dark yellowish 
brovn (1OYR 1/21 and 

1 moderate yellwish brown 
I (lo= 5/41 clay; few 
gravels (subrounded) ; 
unconsolidated; dry. 

9.0 -lO.O'-Sarpl.. 
CLAYSTONE: Dark yellowish 
brovn (1OYR 4/2) and 
moderate yellowish brown 
(1OYR 5/4)  mottlas: poorly 

10.0-12.O~-Sanplr. 
Recoverad 0.9/2.0*=451. 
CLAYSTOUE: dark yellowish 
brown ( 1 O Y R  4/2) vith 
abundant moderata 
yellowish brovn (lorn 5/4) 
and laght btovn (5YR 5/6) 
mottles. no pebbles or 
inclusions : weatherd; 
dry 

12.0-14.O1-Sarple from 
augers. CLAYSTONE: light 
olive gray (5Y 5/71 and 
lrght brovn (5YR S/S) 
mottled clay: several iron 
stains, dry. 

cohs0lidat.d; dry. 

~ 

TOTAL DBPTH: 14.0' 

1111 

'robat WO. 
106m222 - H y dr o-Search, I nc. P+ 2 of 2 



Project: Rocky Flats Plant LOG OF BORING NO. 6-86 

Date Drilled 9/4/85 Coordinator IJ 40588.1 E 23577.5 
Boring Method Hollcu Sten Augr Ground Surface Elevatlon 5806.10 - 

Elev 
fee1 - 

* 

0 

m m 

V W Y  FILL ALLUVIUM 



~ 

Pro joct: Rocky Flats Plant LOG OF BORING NO. 6-86 

Boring Mothod bllw Sten &ger Oround Burtaco Elovatlon5805. lo 
0.10 DriJIod 3 1 4  Coordinato8 N 40588.1 E 23577.5 - 

pen t otio 

~Ebwd Inc t 
20 40 

R (I *?a5 .nc 

=rrn= 



PrObct: Rocky Flats Plant ILOG OF BORING NO. 7-86 
I 

Orto Drlllod 9/23/86 CoordInrt.@ N 39869.8 E 20892.8 
Boring Mothod bllow Stan hger around Surf ace Elovation 

V U L E Y  FILL ALu7vIUH 

0-2.0 -Sample. 
Recovered 1.4/2.0'=70%. 
CLAY: grayish brown (5YR 
3/2) with granitic 
pebbles; poorly sorted: 
subangular to subrounded; 
roots and organics common; 
damp. 

2.0-4.0'-Sample. 
Recovered 0.2/2.01=108. 
GRAVEL: granitic pebbles 
in a grayish brown (5YR 
3/2) clay matrix; poorly 
sorted; subangular to 
subrounded; few roots; 
unconsulidatod; damp. 

4.0-6.0'-S-p18. 
Recovered 2.0/2.0'=1001. 

4.0-5.0'. GRAVEL: 
quartzite and granLte 
pebbles in a grayish brown 
(5YR 3/2) clay matrix; 
poorly sorted; subangular 
to subrounded; 
unconsolidated; damp. 

CLAYSTONE: iight olive 
gray ( 5 ~  5/2) with 
limonite staining and few 
willow roots; very fine- 
grained: damp. 

6.0-8.0*-Sample. 
Recovered 2.3/2.0'=115%. 
CLAYSTONE: light olive 
gray (5Y 5/2) with dark 
yellowish orange ( 1 O Y R  
6 / 6 )  mottling occurring as 
bands (1/4" laminae) ; rare 
silty laminae; becomes 
more silt rich at base: 
rare dusky blue (SPB 3/2) 
swirl; poorly 
consolidated: damp. 

I am222 

I 



Projoot Rocky Flats Plant [LOG OF BORING NO. 7-86 

0.1. Drlllod 9/23/86 Coordlnrtor N 39869.8 E 20892.8 
Borlng Mothod k b l l ~  stan kger Qround Sutfrco Elovation 

Matorlrl 0~8ctiotion 

8.0-10.0*-Sample. 
Recovered 2.3/2.0*=1152. 
CLAYSMNE: light ol ive 
gray (5Y 5/2) w i t h  dark 
yellowish orange ( 1 O Y R  
6/6) mottling occurring as 
bands (1/4" laminae) : 
common black organic 
particles throughout 
sample, sample is swirled 
w i t h  natural bedding 
disturbed: limonite (very 
dusky purple 5P 2/2) to 
SO% in lower 1.5 ' .  - 

TOTAL DEPTH: 10.0' 

tomark8 Logged by C. Walker 



Project: Rocky Flats Plant LOG OF BORING NO. 8-86 

Date Drilled 9/23/86, 10/20/86 - 10/23/86 Coordinate. N 39859 2 E 20916.7 
Boring Method kkdlow Stan hger/NC Core around Surf ace Elevation 

I-. 

Matorld Oorcrbtioc\ 

0-2.0'-Sample. Recovered 
1.9/2.0'95?. 

0.0-0.9 . GRAVEL: coarse 
grained sand to pebble 
sized grains in moderate 
brown to light brown (5YR 
5/6) clay; roots: poorly 
sorted; unconsolidated; 

ARAPAHOE FORMATION 

0.9 to 2.0'. CLAYSTONE: 
light olive gray (5Y5/2) 
with organics and some 
limonite staining; poorly 
consolidated; damp. 

2.0-4.O'-Sample. 
Recovered 2.3/2.0'-1153. 
CLAYSTONE: light olive 
gray (5Y 5 / 2 ) ;  silty; 
poorly consolidated; 
weathered : damp. 

4.0-5.0'-Sample. 
Recovered 1.3/1.0'=1302. 
CLAYSTONE: light olive 
gray (5Y 5/2) ; approxi- 
mately 3 0 4 0 %  limonite; 
poorly consolidated; 
weathered; damp. 

5.0-7.0'-Sample. 
Recovered 2.0/2.0'=1001. 
CLAYSTONE: light olrve 
gray (5Y 5/2) containing 
very little limonite: 
limonite percents decrease 
from 5.0 to 6.5'  - at 6 . 5 '  
core becomes less limon- 
itic with incipient 
parting; blocky; shqhtly 
weathered; dry. 

7.0-9.0'-S-l.. 
Recovered 2.0/2.0~-100~. 
CmYSTONE: light olive 
gray (5Y 5/2) ; weathered 
with 30-35) limonite: 
crumbly texture; dry. 

hmarko IDES& by' C. Walker & L. Pivonka 



LOG OF BORING NO. - Pro iec 1: Rocky Flats Plant 

Date DrIIIed 9/23/86, 10-20-86 - 10/23/86 Coordinator N 39859.2 E 20916.7 

Mat or 1.1 0.8 crbt ion 

15.0-17.01-Sample. 
Rocovered 2.3/2.0*-1151. 
CLAYSTONE: grayish black 
to black (N/2 to N / 1 )  
coaly shale and claystone: 
poorly and irregularly 
developed; poorly 
consolidated; up to 30a 
coal; organic percent 
decreases from 16.0-17.0 
to dark gray claystone 
w i t h  0.0-5.01 organics: 
dry- 

17.0-19.0'-Sample. 
Recovered 2.3/2.0'=115*. 
CLAYSTONE: m e d i u m  dark 
gray (N4) : no reaction 
with HcL; poorly 
consolidated: dry. 

9.0-11.O'-Sampl.. 
Recovered 2.2/2.0'=llOI. 
CLAYSTONE: light olive 
gray (5Y 5/2) w i t h  20-401 
lunonite; crumbly from 
9.0-9.3'; 9.3-11 0 '  sample 
is fairly consolidated 
with rare black organics; 
rare incipient parting; 
damp. 

11.0-13.0 -Sample. 
Recovered 2.3/2.01=1151. 
CLAYSTONE: light olive 
gray ( 5 ~  5/2): up to 50* 
limonito; organics up to 
10% with dusky blue (SPB 
3/2) patches and bands; 
damp. 

13.0-15.08-Sample. 
Recovered 2.2/2.0'-110t. 
13.0-13.8'. CLAYSTONE: 
light olive gray (JY 5/2); 
up to 501 limonite. 

13.8-15.0'. SHALE: 
grayish black cz high 
black organic content v i th  
dxscontinuous coal seams 
(up to 1/8" thick); rare 
limonite laminae along 
parting: poorly 
consolidated: slightly 
damp. 

- 
'en t atlor Re a?85 a nc 
kwd Inch 

20 40 m 



4 

4 

Elev 
feet - 

qemarks 

19.0-21.5'-Sample. 
Recovered 0.3/1.5@-20%. 
CLAYSTONE: medium dark 
gray (N 4/0); Unwea- 
thered; some tine silt; 
vet. 

21.5-26.5'-Sample. 
Racoverod 3.8/5.0'=76%. 
CL&YSTONE: modi- dark 
gray (N 4/01: unwea- 
therad; greamy; vet. 

26.5-31.5'-Sample. 
R8cwer.d 5.0/5.0'-1008. 
SANDY CL&YSToNE:mdium 
dark gray (N 4/0); some 
very fine grained sand: 
trace of organic carbon- 
aceous plant fossils; 
trace grayish orange 
(LOYR 7/4) concretions 
(0.2-2.0 cm in diameter) i 
Vct 

31.5-36.5'-Sarple. 
Recovered 5.0/5.0~-100~. 
CLAYSTONE: medium gray 
(N 5/0) to black (N l/O); 
greasy: organic rich 
layers; vet. 

36.5-41.5'-Sarple. 
Recovered 4.5/5.0'=901. 
SILTY CIJLYSTONIE: medium 
dark gray (N 4/0) ; 
blocky; soma silt; vet. 

41.5-46.5' -Sample. 
Recovered 2.0/5.0'-401. 
CLAYSTONE: dark gray 
(N 3/01: blocky, greasy: 
trace carbonaceous plant 
fO.8ilS: Vlt. 

46.5-51.5'-Sample. 
Recovered 5.0/5.0'=1008 
SILTY CLAYSTONE: dark 
gray (N 3/0); blocky: 
some milt; trace 
carbonaceous plant 
fossils; wet. 

Tagged by C. Walker & L. P~vonka 
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en tration 

Sbws/Foot) 
20 40  

I8 s% t a nc 8 

m 

. ~- 

Project No. 
106po6222 Hydro-Search, Inc. Page3of  4 



I h I 

'roject No 
106m222 Hydro-Search, Inc. 

Rocky Flats Plant ILOG OF BORING NO. 8-86 

Page 4 of4 

1 Date 9rilied 9/24/86, 10/20/86 - 10/23/86 Coordinetos N 39859.2 E 20916.7 
Boring Method blh Stan P+lgerhC Core Ground Surface Elevation 

, f e e  - Material Description 

51.5-53.5'-Sapple. 
Recoverod 2.0/2.Oi=1001. 
SILTY CIAYSTONE:same as 
above; wet. 

53.S-5S.~1-Sample. 
Recoverod 2.0/2.0~=1001. 
CLAYEY SANDSTONE: medium 
gray (N 5/0) i fino- 
grainod 88nd8tone; vet. 

55.5-56.5'-Saaple. 
Recoverod l.O/l.Oi-lOO1 
CLAYSTONE: grayish black 
(N 7/01 i organic-rich; 
blocky; vet. 

56.5-59.S1-S~ple. 
Recoverod 2.4/3.0'-801. 
CLAYSTONE: maw am above; 
wet. 

59.5-61.5'- Sample. 
Racoverod 2.0/2.0'-1008. 
SILTY SANDSTONE: medium 
gray (N 5/O); silty; 
fine-grained sandstone; 
some carbonaceous plant 
fos8ils; vet. 

- 
61.5-63.5'- sample. 
Recovered 2.0/2.0'=1001. 
SILTY SANDSTONE: medium 
gray (N 4/0); silty, 
fine-grained; quartzose; 
vet. 

63.5-66.5'-Smple. 
Rocoverod 3.0/3.0'=1008. 
SILTY CLAYSTONE: dark 
gray (N 3/0); blocky; 
so- milt; wot. 

66.5-71.5'- Sample. 
Recoverod 3.5/5.0*=701 
SILTY CUYSTONE: same as 
above; vet. 

TOTAL DEPTH: 71.5' 

Denetratior 
Resistance 
[Bbws/FooC 

20 40  

1111 
i 



ROCXY FLATS ALuMun 

0-4. s * -cuttings. GRAVGL: 
yellowish gray (5Y 7/2) 
quartzite pebbles and 
cobbles w i t h  silty sand; 
fines less than 5.0%; 

subro&ded: 
unconsolidated; damp. 

7.0-B.O'-Cutt~nqs. No 
sample obtained - 10 

subrounded, unconsoli- 

( ~ Y R  4 /4 )  w i t h  abundant 
quartzite; fines less than 
5.08: poorly sorted; 
unconsolidated; vet. 



LOG OF BORING NO. 9-86 
Pr 0 ject: 

0.1. Drilled 9/24/86, @/I/&,  10/2/86 COOrdln8108 N 39246.2 E 19382.2 

Rocky Flats Plant 

mer, b11w Stan Ground Surface Elevation 

Mat orid Doacriot ion Depth 

ish gray (5Y 
consolidatad; 

22.0-27.O'-Cuttings. 
CLAYSTONE: light olive 
broun (5Y 5/6) and light 
olive gray (5Y 5/2) ; 
plastic; damp. 

32.0-33.0'-Cutt~ngs. 
CLAYSTONE: light olive 
gray (5Y 5/2): well 
laminated: semi-plastic; 

33 O-3S.01-Cuttingr. 
CLAYSTONE: olive gray ( 5 ~  
3/2); laminated: s m i -  
plastic: damp. 

- 
sen t atio R e dd a nc 
[Bbwd Inc t 

20 4a m 

i 
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ProJoct No. 
106m222 i Hydro-Search, Inc. - Page 2 of 8 



Romarko 

43.0-47.0'-Sample. 
Recovered 2.9/5.0'-582. 
CLAYSTONE: yellwish gray 
(SY 7/2) : mottled with 
dark yellowish orange 
(1OYR 6/6) stains: trace 
silt: carbonaceous 
material throughout; 
subvertical fracture at 
2.6'; core lined w i t h  
limonite: moderately 8oft;  
damp. 

47.0-51.5'-Sample. 
Recovered 0.0/4.5'=0%. 

51.5-56.5'-Sample. 
Recovered 0.7/5.0'-14%. 
RQD 0.7/0.7'-100%. 
CLAYSTONE: yellowish gray 
(5Y 7/2) : mottled with 
dark yellowish orange 
(IO= 6/6) stains: trace 
silt; carbonaceous 
material throughout; 
subvertical fracture at 
2 . 6 ' ;  core lined w i t h  
limonite; moderately soft: 
damp. 

56.5-58.5'-Sampla. 
Recovered 1.9/2.0'=95%. 
RQD 0.5/1.9'=26%. 
CLAYSTONE: dark gray (N 
3): some silt;  subvertical 
to vertical fractures 
filled vith dark yellowish 
orange (10- 6/6) limonite 
stain; ironstone 
concretion at bottom of 
core: firm: damp. 

58.5-60.5*-Sample. 
Recovered 1.2/2.0'*60%. 
RQD 0.6/1.2 '=SO*. 
CLAYSTONE: dark gray (N 
3); some s i l t ;  subvertical 
to vertical fracture. 
filled with dark yellovish 
orange ( 1 O Y R  6/6) limonite 
stain; firm; damp. 

LOG OF BORING NO. 9-86 Pro ject: Rocky Flats Plant 

0.10 Dr111od 9/24/86, 10/1/%, 10/2/86 Coordinate* N 39246.2 E 19382.2 
rfaco Elevatlon 

Mr torlal Dercrlption 

- 
'on t atior 
I e e?05 r nc a 
Bbwd IncW 

20 40 m 



I: 

Pr ojoct: Rocky Flats Plant LOG OF BORING NO. 9-86 

Oat. Drillod 9/24/86, 10/1/86, 10/2/86 Coordlnator N 39246.2 E 19382.2 
Borl rtaco Etovatlon 

69.0-74.01-Sample. 
Recovered 3.0/5.0=60%. 
ROD 1.7/3.0'=57%. 
CLAYSTONE: dark gray ( N  
3) ; silty; organic wood 
f tagments throughout; 
grades downward to dark 
greenish gray (SG 4/1) 
siltstone with very fine- 
grained sand laminations : 

~~:~:~:~~ f inn : damp. 

74.0-79.0'-S-p18. 
Recovered 1.7/5.0'=342. 
RQD 0.5/1.7'=29%. 
CLAYSTONE: dark gray (N 
3) to dark greenish gray 
(5GY 4/1) ; interbedded 
silty claystone and 
claystone; beds are 0.2 '  
thick; firm damp. 

'ro Joct No. 
106po6222 Hydro-Search, Inc. 



Romarkr 

79.0-84.0'-S~ple. 
Recovmred 3.3/5.0'=662. 
RQD 2.6/3.3'-792. 
CLAYSTONE: dark gray (N 
3) to dark greenish gray 
(SGY 4/1) : trace of very 
fine-grained sand: silty: 
woody organics: occasional 
vertical fracture w i t h  
slickenaide8; firm; damp. 

84.0-89.0'-Saple. 
Recovcrrd 4.2/5.0'-842. 
RQD 1.2/4.2*=29%. 
CLAYSTONE: dark gray (N 3 )  
to m e d i u m  dark gray (N 4): 
silty; layers o f  brownish 
gray (5YR 4/1) silt; 
occasional concretions; 
hard: slightly calcareous; 
organic wood fragments 
throughout: firm: damp. 

89.0-94.0'-Saple. 
Recovered 4.!5/5.0'-902. 
RQD 3.5/4.5 '=78S. 
SILTSTONE: dark gray (N 
3 )  to medium dark gray (N 
4); clayey; trace very 
fine-grained sand: very 
carbonaceous w i t h  woody 
fragments: slightly 
calcareous bed in upper 
section; very firm: damp. 

94.0-99.0'-Sample. 
Recovered 4.1/5.0'=82%. 
RQD 2.4/4.1'-472. 
SILTSTONE: dark gray (N 
3) to medium dark gray (N 
4); clayey; trace very 
Sine-grained sand: very 
carbonaceous with woody 
fragments: slightly 
calcareous bed in upper 
section; very firm; damp. 



Pro joct: Rocky Flats Plant ILOG OF BORING NO. 9-86 

Date Drillod 9/24/86,  lo/ 1 /&, 10/2/86 COOrdlnat88 N 39246.2 E 19382.2 
low Stem around Surfaco Elovation 

3 

99.0-104.0'-Sarpl.. 
Recovered 4.1/5.0'-82%. 
ROD 1.0/4.1' =24%. 
SILTSTONE: dark gray (N 
3) to medium dark gray (N 
4); clayey: trace very 
fine-grained sand: common 
concretions of pinkish 
gray (SYR 8/1) material.: 
very carbonaceous with 
woody fragments: slightly 
calcareous bed in upper 
section: laminations of 
siltstone w i t h  lesa clay: 
rip-ups: convoluted 
bedding: very firm: damp. 

104.0-109.0'-Sample. 
Recovered 3.2/5 0'=642. 
RQD 2.0/3.2'=62%. 
SILTSTONE: dark gray (N 
3) to medium dark gray (N 
4); clayey; trace very 
fine-grained sand: common 
concretions of pinkish 
gray (5YR 8/11 materials: 
very carbonaceous vith 
woody fragments: slightly 
calcareous bed in upper 
section; laminations o f  
siltstone with less clay: 
rip-ups; convoluted 
bedding, very firm; damp. 

109.0-114.01-Sample. 
Recovered 2.2/5.0'=442. 
RQD 0/2.Z1=00. SILTSTONE: 
dark gray (N 3) to medium 
dark gray (N 4): clayey: 
trace very f ine-grained 
sand: common concretions 
of pinkish gray (5YR 8/1) 
materials; very 
carbonaceous w i t h  woody 
fragments: non-calcarous 
rip-ups: convoluted 
bedding: very firm; damp. 

114.0-119.0'-Sample. 
Recovered 4.6/5.0'=92%. 

SILTSTONE: dark gray (N 
3); clayey; abundant 
carbonaceous material to  
114.5': greenish gray (5G 
6/1) : trace very fine- 
grained: firm to hard: 

RQD 3.4/4.6'-74%. 

'on t atioi 
Re 8 t d  r nc, 
B W d  Inc t 

20 40 
rr7r 

20 40 1 



Borlng Mothod 

Matorid Oorcriotlon 

119.0-l24.0'-Sample. 
Recovered 4.6/5.0*-92%. 
RQD 0.6/ 4.6 =13 % . 
119.0-122.0'. SILTSTONE: 
dark gray (N 3): clayey: 
abundant carbonaceous 
material to 114.5': 
greenish gray- (5G 6/1) : 

1 firm to hard: damp. 

122.0-124.0'. SANDSTONE: 
greenish gray (5G 6/1) : 
fine- to very fine- 
grained; silty; finely 
bedded: some carbonaceoua 
material; moderately 
sorted; soft; wet. 

124.0-l29.O1-Sample. 
Recovered 4.5/5.0@=902. 
RQD 0/4.S1=0%. SANDSTONE: 
medium gray (N 4) ; fine- 
to medium-grained silty 
sandstone: cross- bedded; 
carbonacaous laminations; 
sandstone alternates w i t h  
sandy siltstone and clayey 
siltstone - 0.5' thick;  
moderately sorted; soft to 
moderately firm, vet. 

129.0-134.01-Sample. 
Recovered 2.5/5.0i=50t. 
RQD 1.3/2.5'=522. 
SANDSTONE: medium gray (N 
4): fine- to medium- 
grained; crossbedding: 
convoluted beds: well 
sorted: firm to hard;damp. 

134.0-139.0@-Samp~e. 
Recovered 3.9/S.O =788. 
RQD 2.2/3.9'=56%. 
13 4.0-13 6.1 ' . 
Wium gray (N 4) ; fine- 
to medium-grainad sand; 
convoluted beds; trace 
sand: well sorted: firm to 
hard; damp. 

SANDSTONE : 

136.1-139.0'. SANDSTONE: 
medium gray (N 4); very 
fine-grained; silty; 
convoluted: cross-bedding; 
banded w i t h  carbonaceous 
laminations; moderately 
sorted: firm to hard; 



Project: Rocky Flats Plant LOG OF BORING NO. 9-86 

Date Drlllod 9/24/86, 10/1/86, 10/2/86 Coordinate8 N 39246.2 E 19382.2 
Boring Method 

ecovered 4.0/5.O9-8Ot. 
RQD 3.0/4.O1-75%. 
CLAYSTONE: dark gray (N 
3); silty; carbonaceous: 



I m 
I 1 project: Rocky Flats Plant ILOG OF BORING NO. 10-86 

I 

Oat0 Drllled 9/24/86 Coordinator N 39223.9 E 19400.6 
Boring Method Casing driver around Surface Elovatlon - 

plov. 
,feet - Mat erld Des c rip t Ion 

ROCKY PLATS ALLUVIUn 

o.O-lO.o'-cuttings. 
GRAVEL: granitic pebbles 
and cobblos; fine6 le66 
t&an 1.0t; poorly sorted: 
unconsolidated; dry. 



Project: Rodcy Flats Plant ILOG OF BORING NO. 10-86 
I 

Oat. Drlllod 9/24/86 COOrdlnate8 N 39223.9 E 19400.6 ' Boring Mothod Casing driver Ground Surface Elevation 

M a t @rial 008crlgt Ion 

/ ARAPAHOE FORMATION 

23.0-24.0'-Cuttings. 
SILTSTONE: light olive 
brown ( 5 Y  5/6) sandy 
siltstone; well sortad; 
damp to moist. 

24.0-27.01-Cuttinga. 
CLAYSTONE: light olive 
gray (5Y 5/2) and light 
olive brown (5Y 5/6) 
claystone; damp. 

TOTAL DEPTH: 27 0' 

en trrtio R ?  or  rtanc 
(Bbwt/ lncl 

20 I C  



Project: Rocky Flats Plant ILOG OF BORING NO. 45-86 

0.10 OrJIlod 10/2/86 Coordlnatm N 3 7 3 9 6 . 4  E 1 6 3 6 3 . 1  
Botlng Method b l n g  Driver Ground Surfrco Elovation 6 0 3 5 . 0 0 '  

silt: poorly sorted, 
unconsolidated: damp. 

3.0-8.0t-Cuttings. 
GRAVEL: moderate brown 
( 1 O Y R  4/4) ; granite and 
quartzite pebbles and 
cobbles: <SI sand and 
silt; poorly sorted, 
unconsolidated; damp. 

a.o-io.o'-Cuttings. 
GRAVEL: Same as above; 
moist. 

10.0-14.S*-Cuttings. 
GRAVEL: Same as above; 
moist. 

14.5-19.0 ' -Cuttings. 
BOULDERS: quartzite 
cobbles and boulders; 
poorly sorted; 
unconsolidated; damp. 

20 4c m 



~~ - 

Projoct: bcky Flats Plant JLOG OF BORJNG NO. 4 5 8 6  

0.10 Drl!lod 10/2/86 Coordln.t** N 3 7 3 9 6  4 E 16363.1 
Boring Mothod Casing h v e r  around Surf .eo Elovrtlon 

Mrtorirl 008crlotlon 

19,0-23.0'-Cuttings. 
GRAVEL. moderate brown 
(1oYR 4/4)  ; granitic 
pebbles and cobbles: sand] 
and silty; poorly sortad; 
unconsolidated; damp. 

23.0-25.0*-cuttings. 

unconsolidated; damp. 

I Remark8 Lopxed by T &lliver 



~ Material Oercrlotion 

43.0-17.Oq-Cuttings. 
GRAVEL: moderate brown 
(1OYR 4/4) : 2 0 4 0 %  sand 
and silt; poorly rorted: 
unconsolidated: vet. 

W N i O E  FORMATION 

47.0-55.0'-Cuttings. 
SILTSTONE: light oliv. 
brown (SY 5/61: well 
sorted: damp. 

Pro Jest: Rocky Flats Plant LOG OF BORING NO. 45-86 

Oat. DrMed 10/2/86 Coordlnat*@ N 3 7 3 9 6 . 4  E 16363.1 
Boring Mothod Casing Drlver around Surface Elovatlon 

TOTAL DEPTH: 55.0 '  

t .mar Ira bgged by T klliver 
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70 

80 

90 

WELL 45-86 

WELL CONSTRUCTION SUMMARY 
.OO '  LOCATION OI COOROS ELEVATION GROUND LEVEL 6035 

N 37396.4 E 16363.1 TOPOF CASING 6036*97'  

DRILLING SUMMARY 

TOTAL DEPTH Wel l .  48.20' Hole 57.00' 
BOREHOLE OIAMETER 5 5/8" 

I 

DRILLER @ips Bmthers kd&W 
15865 W. 5th A v e r t -  CO 

Subcontracted Arrow Drillinz. Tan Hi&) 
I I  , RIG 6smn &mer 
' BlT(S1 Rwn hole hanmr 

ORILLING FLUID 

WELL DESIGN: 

BASIS GEOLOGIC LOG A GEOPHYSICAL LOG - 
USING STRING&) C:CASING S--SCREEN 

0 03' 2.99' CI - 
2 99' - 48 20' SI - - -- --- 
- -- - -- - - - - - -- - -- 

iointed 

SCREEN SI 2'' 1.D sch. 5 twe 316 staiw 
less steel, threaded and flush 
ioinced. 0 010" wire wrapscreen 
0 25' welded bottan cap 

CENTRALIZERS T w ~  3C%+ stainless steel 
43.47' - 44.70' 

flLTER MATERIAL, 32-62 s1llca sad 

CEMENT I 

2.48' - 49.30' 

0.00' - 1.80' 
OTHER 318'' be-ts 

1 80' - 2-48' 
49.30' - 57.0' 

CONSTF~UCTION nME LOG 

TASK - 
DRILLING 

GEOPHYS LOGGING 

CASING 
2'' stainless 

flLTER PLACEMOSI 
CE MENTI NO 
C EVELCPMENT 
OTHER 

Ekntoni te 

10/2 o900 1012 1515 I l l  

10/3 10/3 lo00 1600 
10/3 1 1605 1 10/3 1 1620 ---- 

-I-1-1- 

---- 
---- -I-I-/- 

WELL DEVELOPMENT 

See Well Developrent Surmary Sheet 

EOMMENTS. 

No water encountered during drillmg. 

Top of stainless steel caslng 1.97' 

CONS U LTI N G H Y 0 RO LOG I S TS - G €0 LOG IS TS 

*-. 



L O G  
O F  

BOREH0L.E 

L O C 8 f l O n  Both \ Flats Plant. Lan d f i l l  Area B o r o h o l e  W e l l  N o  40-87 
C o o r d l n r t o r  N 40158.03 E 21727.76 G r o u n d  S u r r r c e  E l e v r t l o n  5882.69 ’  
t o t r l  D o p t k  13 0’ water L e v e l  ~ n c o u n t ~ r o d  None 

Drilllng C o m p a n y  Bovles Bros. 0riII.r R. Sharp 

0.10 O r l l l o d  .Junp 8. 1987 H o l p o r  T -  Y p a t f -  

Orlll lng Nothod -r Orll l lng f l u l d  None 
Logged By J, Berman C h o c k 0 4  my 

88 1 S t 8 t i C  3.30’ (4/11/ 

Q a O l O q b 8 t  sit. YIn89.r 

C L A R ?  Uarrgor  

Commontr 

ompier c o ~ ~ o c t o d  or 
Llthologle 0arcrlptlon h o r  t o o t o  ?or to rnod  

FINu background=O 2 
0.0-2 0’ SAMPLE, OVA background=15 
Recovered 0 6/2 0’ = 30% 

few moderate brown (5 YR 4/4) col- 
orations, 2 gray quartzite pebbles, moist 

VALLEY FTLL 

2.0-4.0’ SAMPLE, 
Recovered 00 /20 ’  = 0% 
No recovery due to rocks R o c k  sound 
stopped at approximately 6’ 

4.0-8.0’ SAMPLE, 
Recovered 3 514 0’ = 88% 
40-62’ GRAVEL AND CLAY moderate 
yellowish brown (10 YR 5/4) clay,  abun- 
dant gray quartzite  pebbles and cobbles, 
angular,  unsorted 

ARAPAHOE FO RMATION 

6 2-7 5’ CLAYSTONE moderate yellowish 
brown (10 YR 5/4), f e w  pale brown (5 
YR 5/2) mottles, abundant caliche, 
strongly effervesces in  HCI, organic r ich,  
sandy (patches of sand throughout 6 5- 
7 5’), weathered, damp I I I 



L O G  
O F  

B O R E H O L E  
- 

Locatrow- &cb\ Flats Plant. I andflll Area B o r r h o l r  W r l l  N o  40-87 
C o o r e i n a ~ r r  N 40158.03 E 21727.76 G r o u n d  S u r f r c o  E l r v r t i o n  1883.69 '  
t o t a l  O o p t h  13.0 '  w i t o r  L O V O I  E n c o u n t o r o d  Vone 

Dri l l ing  C o m p a n y  Bovles Bros. D r i l l o r  R. Sharp 
O r t o  O r l l l o d  a Holpor  t M o r E j t r  

Orl l l lng  Y o t R O d  Hallow S t e w e r  Drll l ing f luid None 
L0SS.d J. B ergman 

I S t r t l c  3.70' (4/11/ 88 > 

C h o c k 0 4  D y  
a0 oioglr t a l to  Managor 

C t A R P  Urro#or 
Commontr 

/ / 
L i tho log ic  0orcr lg t ion  

I I 

Recovered 3 Ot2 S* - 120%. 
CLAYSTONE: grryish brown (5 YR 3/2), 

' abundant light brown (5 YR 5/6) mottles 
and FeO concretions, abundant black or- - ganic fragments; sandy patches yellowish 
gray (5 Y 7/2) very fine-grained; 
weathered; silty; abundant caliche, moist. - 

MPLE, -. Recovered 3 2 / 2  5' = 124% 
CLAYSTONE dark yellowish brown (10 .. YR 6/2), sandy, few dark yellowish 
orange (10 YR 6/6) mottles a t  11 5', 

., abundant biack organic fragments in top 
OS', decrease in sand content to less than -- 20% over 12 0-13 0'. weathered, damp 

.L TOTAL DEPTH 130' 

Srmglor  C o l l o r t o d  01 
Othor  t o r t r  ?or formod / 



L O G  
O F  

BOREHOLE 

- 0 ~ 8 t i o n  Rockv Flats  P l a n t ,  Landfill Area B o r r h o l o ~  W o l l  N O  41-87BR 
C o o r d i n r t o s  N 40133.61 E 21725.75 Ground s u r f r c o  E l o v r t l o n  5882.78' 
Tot81 D e p t h  1 1 9 . 0 0 '  W a t o r  L e v o 1  E n c o u n t o r o d  

Orll l lns Company Bovles Bros. brlltor R. Sharp/ P. Bushkovski 
S t a t i c  41.83' (4/11/88) 

Holpor  3LJg,??ttl K. P a r k e r  
Dr1111ng r lu id 0.0'-17.0' None: 17.0'-110.0' O r l l l l n ~  Yothod 

LO99.d 8Y J. B e r a  K.D. Holllway Chocked By  
Water 

~ O O l O ~ l 8 t  SIto Urnamor 

CIAIIP Mrrr@or 
Comm.nt8 Surface casing set June 9. 1987 to 17.0 fee+ bv J. B e r w  

rme lo r  Colloctod or 
h o r  Tort8 C o r f o r n e d  Llthologlc barcr let lon 

I 1 

5 - 

10 - 

15 

20 

2.0-4.0' SA MP a 
Recovered 2.0/2.0' = 100% 
CLAY pale yellowish brown (10 Y R  6/2), 
abundant gray quartzite pebbles and cob- 
bles, caliche in last 2", trace light brown 
(5 YR 6/4) mottles, moist. 

40-45' C L A Y  pale brown (5 YR 5/2), 
abundant light brown (5 YR 5/6) mottles, 
quartzite gravels, some caliche, damp 

ARAPAHOE FORMATION 

45-70' CLAYSTONE pale brown (5 YR 
5/2), no cobbles; abundant light brown (5 
YR 5/6) mottles, abundant organics, 
damp 

' SAMPLE. EZE:/'J 7 Recovered 0-9 5 2.5/2 5' = 100% ----- _---- - ------ 
CLAYSTONE pale brown (5 YR 5/2), 
abundant light brown (5 YR 5/6) mottles, 

----- .- consolidated, weathered, some caliche, 
abundant organics and FeO concretions; 

-e -  __--- ----- __--- ----- _---- ----- 
------ 

_---- ----- __--- ---- _---- 
- h - - - d  _--- ----- -- silty in bottom 0 5', slightly damp 
- -e--  ----- ----- ---- ----- 



L O G  
OF 

BOREHOLE 

- LOC8tiOd Rockv F b t s  P u t :  J,U 1 Area Boroholo /Wol l  No.  61 8 7 3 3 ~ ' t . )  
Coordinator  Ground Sur faco E l o v r t i o n  

Tota l  Dopth W a t o r  L o v o l  Encountorod  

Stat ic  

Orilllng Company 

0.10 DriIIod 

Orllllng Mothod 

OrIIIor 

Holpor 

Oril l lng f l u i d  

Loggod B y  Chockod B y  
Qoologlst Sit. Managor 

C I A R C  Managor 
commorts 

15 

35 - 

40 - t 

Recovered 2.4/2.5' - 96% 
CLAYSTONE pale yellowish brown (10 
YR 6/2), few dark yellowish orange (10 
YR 6/6) mottles, organiC-rich, silty layer 
@ 1 1  0'; few fractures; weathered, damp 

Recovered 2.8/2 5' = 115% 
12 0-12.2: same as above 
12 2-14 5' CLAYSTONE moderate olive 
brown (5 Y 4/4), no mottles, few or- 
ganics, consolidated, unweathered, i slightly damp 

12.0-14'5'SA-LE, 

14.5- 17.0' SAMPLE 
Recovered 3 7 / 2 3  = 148% 
CLAYSTONE same as above but silty 

J 5.7- 18.5' SAMPLE 
Recovered 13' rubber plug. i 

21.5' SAMPLE, 
Recovered 0 6/3 0 = 20% 
CLAYSTONE light olive gray (5 Y 5/2), 
trace silt, trace very fine-grained sand, 
trace iron staining in small fractures, I n -  
durated, weathered, damp 

3 1.5-25.0' SAM P L E  
Recovered 3 013 5' = 86% 
CLAYSTONE same as above, but more 
fractures, dark yellowish orange (10 YR 
6/6) staining in fractures, damp 

T 

Samelor  Co l loctod  or / Othor t o r t s  ?orformod 

~ 

20 85-30 50' Packer 
Test Interval # 8. 

22 82-32-50' Packer 
Test Interval # 7, 
failed. 

32 50-42 15' Packer 
Test Interval # 6 



LOG 
OF 

BOREHOLE 

Boroholo /  W oi l  NO - Location- Rorkv wts P- 1 Area R (rnn‘t.1 
Coord lna to r  Ground Sur faco  E lovr t lon  

T o t a l  Dopth Water L o v o i  Encountorod 

Orllllng Company 
Dato Drli lod 

Orilllng Yothod 

s tat ic  

Dri l lor 

n o l p o r  

Orllllna F lu id  

Chocltod Dy  
Stto Ymnaaor 

CLARC Yonagor 
Commorta 

45 - 

50 - 

xi 

49 

-~ ~ ~ 

MPLE, 
! g  Recovered 2.15/3 5 = 61 5%. 

25 0-25 8’ CLAYSTONE same as above 

ish brown (10 YR 2/2), unweathered, in- 
I D  durated, trace very fine-grained sand, 

trace dark yellowish orange (10 YR 6/61 
I D  iron staining, slightly damp 

25-8-27 15” CLAYSTONE dusky yellow- 

Y- 5-32.5’ S A M P L L  
,. Recovered 0 7/4 0’ = 18% 

CLAYSTONE olive black (5  Y 2/1); same 
as above, damp 

#. 5-35.0’ S A M P L L  
Recovered 5 2 / 2 5  - 208% 

1-  SANDSTONE, olive black (5 Y 2/1), very 
f ine-grained, well sorted, consolidated, 
indurated, possible plant fossils from 
33 5-350’, some clay and sdt, slightly 

t i  damp 

35.0-38 5’ SAMPLE, - Recovered 3 2/3 5 - 91% 
SANDSTONE olive black (5 Y 2/1)* 3 5- - 4 0 0 and finer-grained, fairly well 
sorted, consolidated; trace clay, some slit, 

’- possible plant fossils and imprints, 
slightly damp 

Recovered 4 3/4 5’ = 96% 
SANDSTONE same as above, but less 

- 

- 38.5-43.0’ SAMPT.E 

- clay and fewer possible fossils. 
.I 

Samelor Colloctod or 
Othor t o r t 8  ?orformod / 
4 1 55-5 1 20’ Packer 
Test Interval # 5 

53 05-62.70’ Packer 
Test Interval # 4 



L O G  
OF 

BOREHOLE 

.I 

Locatlon- Rockv Flats P-dfilh Area 

47 5-50.5’ SAM PLE, 
Recovered 1 9/3 0’ = 63% 

I D  SANDSTONE olive black (5 Y 2/1), 3 4- 
4 0  0 and smaller, few organics, trace -- clay, slightly damp 

. 5-53.0’ SAMP1.E F 

Recovered 2 5/2 5’ - 100% 
SANDSTONE olive black (5 Y 2/1), some .- clay, some silt, becoming claystone with 
silt and sand from 51 2-523’ and 524- .- 53 0’, damp 

.. 3 3.0-5 7 .O’ S AMPLC 
Recovered 3 214 0’ = 80% 

trace very fine-grained sand, dry 

$7.0-6 1.0’ SAM PLE, 
Recovered 0.9/4 0’ = 23% 
RQD = 0 /40  = 0% 
CLAYSTONE. dark gray (N 3/0), in- 

-- CLAYSTONE medium dark gray (N 4/0), 

.I 

_ _  durated, trace silt, damp 

Coordinato8 

Tota l  Dopth 

Drilling Company 

Date Dfill.d 

Drilling Yothod 

Loggod By  
aoologist  

Boroho lo /Wo l l  No 41-87BR ( C O n ’ t . )  

Ground S u r f a c o  Elovat lon  

W a t o r  L o v o i  Encountorod  

s t a t ic 

Dr1110r 
n0ip.r  

Orl l l ing Fluld 

Choekod  B y  
S i t0  Manasor 

C t A R C  Yaar@or 
Commonta 

65 

1p 

II 

80 - 

t T I  

Samploe Colloctod or / Othor T o r t s  C o r t o r ~ n o d  

62 70-72.35’ Packer 
Test Interval # 3 

72 35-82 00’ Packer 
Test Interval # 2 

A c) 



LOG 
OF 

BOREHOLE - 

_ _  but olive black (5 Y 2/1), 3 5-4 0 phi  some 
clay, some silt ,  lens of clay and plant or- _ _  ganics (fossils) from 68 35-68 45’, damp 
68 85-70 25’ SANDSTONE. same as above, -. moist. 

l 

e L o c a t i o n  Rockv Flats Plant: Landfill Area Boroho lo /Wol l  No  41-87BR (con’t.) 
C oordlr)a 10s Ground Sur faco  E lovat lon  

Total  Dopth W a t o r  L o v o l  E n c o u n t o r o d  

Drilling Company Drl l lor 

0.10 Drll lod Holpor 

Orllllng Mothod Or i l l ins  Cluld 

Loggod B y  C h o e k o d  my  

3t.tic 

Ooologlst 8110 Yanaeor 

CEARC Yanrgor 
Commonto 

85 - 

SQ 

FT 

Samplos Col loctod or 
Othor  T o s t r  Portornod / 
82 0-91 65’ Packer 
Test Interval # 1 



L O G  
OF 

BOREHOLE 

I a 

I *  

e 

Location- -Flats P w -  J.a Area BorohoJo/  W 011 NO. 41-87BR (con’ 
Coordinator  Ground Sur laco Elovat ion 

t o t a l  Dopth W a t o r  L o v o l  Encountorod  

Drllllng Company Dr l l lor  

Date Drlllod no lpor  

Orllllng Yothod  Drl l l lng F lu ld  

Loggod By Ckockod B y  

Stat ic  

Goologimt S l t o  Yasaaor  

C I A R C  Managor 

C ommontr 

105 - 

139 

115 

120 

I 

70 25-71 0’. SANDSTONE. olive black (5 Y 
2/1) to medium dark gray (N 4/0), some 
organics, clay, 3 5-4 0 phi  and very fine- 
grained. r 

Recoveted 00/2.5 = 0% 

- -  7 1.0-73.5’ S A M P E  

- m  73.5-75.0’ SAMPLE, 
Recovered 2.3/1 5’ = 153% -. RQD = 1 6 / 2  3 = 69 56%. 
CLAYSTONE AND SANDSTONE - -  medium dark gray (N 5/0) to dark gray 
(N 3/0) ,  very fine-grained sand, occa- .. sional fossils (plant leaves and stems), 
some silt, damp 

- e  

75.0-79.0’ SAMPLE, 
Recovered 3 3/4 0’ = 82 5% 
RQD = 2 4/3 3’ = 72 7% 
CLAYSTONE medium dark gray (N 5/0) 
to olive black (5 Y 2/1), very fine- 
grained sand, occasional fossils (plant 
leaves and stems), also a marine fossil at 
760’, damp 

- m  

-- 
79.0-82.0’ SAMPLL .. Recovered 3 0/3 0’ - 100% 
RQD = 2 20/3 0 = 73 3% -- 790-796’ CLAYSTONE same as above, 
damp -- 79 6-82.0’ SANDSTONE, medium dark 
gray (N 5/0) to dark gray (N 3/0), trace -- clay, small lenses of claystone, sand 25-  
2.0 phi, fairly well sorted, damp 

t 

Samplor Colloctod or / Othor Tortm Portormod 



LOG 
O F  

BOREHOLE 

-- 

L o c r t l o n  &&k\ Flats  Plant. fill Area B o r o h o l o  W o l l  N o  L1-87BR (con’t ) 
C o o r  d in i t  s G r o u n d  S u r t r c o  E l o v 8 t t o n  

Tot81 0 0 0 t h  W r t o r  L o v o l  E n c o u n t o r o d  

s t 8 t i C  

Dr i l l lng  C o m p a n y  DrIIIor 

D i t .  Dr i l lod  H o l e o r  

Dr i l l ing  Mothod Drl l l lng  F l u i d  

clay, subangular to subrounded sand, oc- 
casional organics (plant fossils) through- 
out, damp to slightly moist 

86.0-90.0’ SAMPLE 

RQD = 40/40 ’  = 100% 

- 
-- Recovered 4 0/4 0’ = 100% 

SANDSTONE medium dark gray (N 5/0) .- to dark gray (N 3/0), 10-20  phi (fine to 
very f me), fairly well sorted, subrounded, .. mostly quartzose, trace feldspathic, occa- 
sional fossils (plant leaves and stems), 

-. damp to slightly moist 

- 90.0-94.0’ S A M P U  
Recovered 3 56/4 0’ = 90% 

SANDSTONE same as above, damp to 
slightly moist 

* -  RQD 3 3/3 6 = 91 67% 

94.0-98.0’ S A M F L L  -- Recovered 4 4/4 0 = 110% 
RQD = 4 24/4 4 = 96 36% 

AND SILTSTONE same as above but 

965-980 SANDSTONE same as above, 

.- 94 0-96 5’ CLAYSTONE, SANDSTONE 

- -  very fine-grained sand, damp 

-- except fine-grained, damp 

Loggod B y  
Goologist  

C h o c k o d  By 
8 l t o  Managor 

C E A R ?  Managor 

C o m m o n t r  

t 

t 

t i  
I 

Sampl08 C o l l o c t o d  or 
Othor t o r t 8  Portormod / 



L O G  
O F  

BOREHOLE 

L o c a t i o n  Rock\ U a t s  P b t .  land fill Area Bor.hol.:W.ll N o  41-87Eq (can't 

C o o r d i n o t o r  G r o u n d  S u r t a c o  E l o v o t i o n  

T o t a l  D o p t h  W a t o r  ~ o r o l  E n c o u n t o r o d  

s t a t i c  

Orl l l lng C o m p a n y  DrIIIor 

Oat.  Dr111~6 Ho lpor  

Drl l l lng  M o t h o d  D r i l l i n g  Fluld 

L o g g o d  By 
Goologlrt  

Chockod l y  
SIto Managor 

C L A R ?  Managar 

Commentr 

/ 
L l tko log lc  Dorcr lp t lon  

i I 

.- 98.0- 107 0’ SAMPLE, 

- _  RQD - 2.97/3 0 = 99% 
Recovered 3 0/4 0’ = 75% 

98 0-101 0’ SANDSTONE same as above, 
damp 

very f me-grained sand, damp 

JO2.0-106.0’ SAMPLL 

RQD = 4 0/5 0’ = 80% 

SILTSTONE medium dark gray (N 5 / 0 )  -- to olive black (5 Y Z/l), very fine- 
grained sand 

-- 
101 0-102.0’ CLAYSTONE, SANDSTONE, 

._SILTSTONE. medium dark gray (N 5/0),  

.. 
-. Recovered 5 0/4 0’ - 125% 

-- 102.0-106 0’ CLAYSTONE, SANDSTONE, 

-- 
106.0- I 10.0’ SAMP1.L 
Recovered 44/40’ = 110% 
RQD - 1 31/4 4’ = 42.05% 
CLAYSTONE, SANDSTONE, SILT- 

-- 
- -  
.c STONE same as above, damp 

TOTAL DEPTH 1100’ t 

I 

S a m p l o r  C o i i o c t o d  or / Othor t o r t r  ? o r f o r n o 4  



L O G  
OF 

B O R E H O L E  

L O C 8 t i O n  Rockv Flats Plant, Landfill 4rea e o r o k o ~ o  W O I I  N O  42-87 
~ 0 o r d l n . t . e  N 40355.10 E 22430.99 Ground Sur f rco  E lovr t lon  5854 .05’ 
T o t 8 1  D o p t h  12.40’ W r t o r  Lovo l  Encountorod  2.0’ 

S t a t i c  1-67’ ( 4 I l l 1 ’ 8 8 )  
Drllllng Company BOVIPS Bros. Dril lor R. Sharp 
0810 Drll lod June 10. 1987 ~~l~~~ T .  Merritt 
Drllllng Yothod Hol low Stem Auger Drll l lng Fluid None 
Lossod  m y  J.B. Bergman C h o c k 0 4  B y  

Ooologlrt al to  Yanawor 

CtARP Uaeoaor 

m 

Commonta 

Llthologle Dorcr lp t lon  

g 0-2.0’ SAMPLE, 
Recovered 0 5/2 0’ = 25% 
TOP SOIL dark yellowish brown (10 YR 
4/2), clay rich, abundant roots and 
grasses, large gray quartzite cobbles and 
pebbles, moist 

VALLEY FILL ALLUVIUM 

2 0-4.0’ SAMPLE 
Recovered 0 9/2 0’ = 45% 
CLAY same as above, no vegetation, wet 

4 0-7.4’ SAMPLE, 
Recovered 2 9/3 4 = 85% 
40-6 1’ CLAY AND GRAVEL grayish - orange pink (5 YR 7/2), abundant 
quartzite, granite, and schistose gravel, 
pebbles, and  cobbles, unsorted, angular, 
wet 

- 1 5 i i  

A R A P A H O E  FORMATION 

6 1-6 9’ CLAYSTONE moderate yellowish 
brown (10 YR 5/4), trace grayish brown 
(5  YR 3/2) stains, trace organics, damp 

7.4-9.9’ SAMPLE 
Recovered 2 5/2 5 = 100% 

, CLAYSTONE ollve gray (5 YR 3/2), 
abundant moderate brown (5 YR 4/4) 

, mottles, trace organics, consolidated, + + tdamp 

Srmplor  Col loctod or / Othor Toeta Corformod 

HNu background - 
No readings above 
backgrouad 

0 6-0 4 



L O G  
O F  

B O R E H O L E  

L o c a t i o n  Rockv Flats Plant, Landfill Area l o r r h o l o  W o l l  No 42-87 
~ o o r d l n r t ~ a  N 40355.10 E 22430.99 G r o u n e  S u r f a c o  E lova t l on  5854.05' 
T o t a l  Dopth  12 40' W a t o r  L o v o l  E n c o u n t o r o d  2.0' 

S t a t l e  1 . 6 3 '  (6/1l~'f iAI  
Orllling C o m p a n y  m s .  D I I I I O ~  R. Sharp 
0810 Dr l l lod  June 10. 1987 T .  Merritt 

Orllllrg Mothod mllo w Stem Auger or1111ng F I U I ~  None 
Loggod B Y  J.B. Bergman 

O.ologl@t 

Cemmontr - - . . . . . . - . . - 

/ 
Llthologlc D o r c r l p t l o r  

t t 

t 

9.9-12.4' SAMPJX 
Recovered 2 5f2 5' = 100% 
CLAYSTONE same as above 

TOTAL DEPTH 12 40' 

S r m ~ l o r  CoIIoctod er / O t h o r  to r t@  Cor fornod  



L O G  
O F  

BOREHOLE 

- L o c a t i o n  Rockv Flats Plant, Landfill Area B o r o h o l o  W o l l  N o  

~ o o r d i n . 1 0 ~  N 39257 05 E 19431.75 Ground Surface E l o v ~ t l o n  5995 .10 '  
Total  Dopth 2 7 . 0 '  wator  ~ 0 v . l  Encountorod  None 

Drilling Company Bovles Bros. ~ r i 1 1 0 r  T. Hlnh 
0.10 D f l l l ~ d  N o v e m  1 7 .  1987 Holpor B. Keenev 
Drilling Yothod Hollow Stem Auger Drlll ln@ F lu id  qlppp 

L099.d BY R. Treat C h o r k o d  a y  

Static 7 20'  (4/11/88) 

Qoolo@lrt  a l to  Managor 

CIARP Maragor 
Commonta 

Lithotogle D o r c r l p t l o n  

9.0-209 SAMPLE, 
Recovered 1 2/2  0' = 60% 
00-025' TOP'SOIL dusky brown (5 YR 
2/2) silty sand (3 0-2 5 0), numerous roots, 
scattered gravel, weakly cemented, moist 

ROCKY FLATS ALLUVIUM 

025-120' GRAVEL AND CLAYEY 
SAND moderate brown (5 YR 4/4) to 
light brown (5 YR 5/6) and moderate 
reddish brown (10 R 4/6), moderatelv 
cemented, gravel, 4 5 0  mm and as small as 
0 5 5  mm, subrounded and rounded and 
subangular, noted cobbles, sand ranges 
(30 -25  0) up to (05 -00  0), well sorted, 

20-4.0' S A M P U  
Recovered 0 3/2 0' = 15% 
SAND AND GRAVEL light brown (5 YR 
6/4) and light brown (5 YR 5/6) to mod- 
erate brown (5 YR 4/4), rounded, sub- 
rounded, and subangular, well sorted, 0 50 
mm to 5 0  mm with scattered cobbles, 
moderately cemented to weakly cemented, 

4 0-7 0' SAMPLE, 
Recovered 0 4/3 0 = 13% 
SAND AND GRAVEL pale yellowish 
brown (10 YR 6/2) to light brown (5 YR 
6/4), several cobbles, soils appearing as 
above, light moist 

i 

3.mpl.r Col loctod or / Othor  t o r t r  ? o r f o r m o d  

HNu background=O 0 
OVA background = 
0 0  
Ludlum background 
= o  

17.0-19.5 ' Readings 
ou core HNu 112. 
OVA 2 1  

# a g o  1 or 4 



LOG 
OF 

BOREHOLE 

' *  

e 

Locatleri Rockv Flats Plant. Landfill Area Boroholo /  Woll  No 58-87 (con't.) 
Coordln  Jt  OS Ground SUrfJCO ElOV.tiOn 

T0t.l D ~ p t h  W i t o r  L o v o l  Eneountorod  

Drilling Company  Dri l lor  

0.1. Dril lod Holpor 

Orilllng Yothod Dri l l ing F lu id  

StJtiC 

Loggod By 
Oeologirt  

Chock04 B y  
S l to  Managor 

C t A l C  Managor 
Comfnontr 

Llthologic Dorcr lp t ion  

7 0-9 5' SAMPI& 
Recovered 0 212 5 = 8% 
GRAVEL one subangular, quartzite 
gravel 

9 5-12.0' SAMPLE 
Recovered 0 0 / 2  5 = 0% 
Cuttings indicate sand and gravel as 
noted i n  previous runs 

u.0-14.5' SAMPLE. 
Recovered 0 2/2  5 = 8% 
CLAYEY SAND AND GRAVEL light 
brown (5 Y R  6/4)  to (5 Y R  5/6). fine- 
grained sand (2 5-2 0 0) weakly cemented, 
poorly sorted, subangular and subrounded 
gravel, moist 

14.5-17.0' SAMPLE, 
Recovercd 0 412 5' = 16% 
CLAYEY SAND AND GRAVEL moder- 
ate brown (5 YR 6/4) to light brown (5 
Y R  5/15). poorly sorted sand, fine-grained 
( 2 5 - 2 0  0) with small gravel and scat- 
tered, large (5 25 mm) cobbles, weakly to 
moderately cemented, moist 

Recovered 1 4 / 2 5  = 56% 
CLAYEY SAND varying brown as stated 
above, slightly clayey, weakly cemented, 
poorly sorted, fine- to medium-grained 
sands and gravel (ranging from 0 7 5  to 25 
mm), subrounded, rounded w l t h  few 
su bangular 

Srnrplor Co l loetod  or / Othor t o r t r  Cor formo4 

27.5-29.5' Readings 
on core HNu 5 5 ,  
OVA 0 0  

29.5-32.0' Readiiigs 
i n  augers HNu 105, 
OVA 50 



LOG 
OF 

BOREHOLE 

l9.5-22.0’ SAMPLE, 
. m  Recovered 1 512 5’ = 60% 

.- brown (5 Y R  516) to moderate yellowish 
brown (10 Y R  5/4) ,  poorly sorted sand 
( 2 0 - 2 5  0) to ( 0 5 - 0 0  0) w i t h  gravel 
ranging 0 75 m m  to 2 7 5  mm, subrounded, 
rounded, weakly cemented, moist 

- m  2 0 5 - 2 1 0 ’  SANDY CLAY light brown (5 
Y R  6/4) ,  few scattered gravel, fine- and .. medium-grained sands, low plastic, moist 

195-205’ SAND AND G R A V E L  l i g h t  

Locat ten  Rockv F lats P lant. Landfill Area 

C o o r d l n r t o r  

Total  Dopth 

e 

- =  

-. 

Drllllng Company 

0.10 DrIIIod 

Drllllng Yothod 

Loggod B y  
O o o l o ~ l r l  

L 
ARAPAHOE FORMATION 

22.0-24.5’q 
Recovered 0 012 5 = 0% 
Cuttings indicate weathered sandy clay- 

.., stone w i t h  gray and brown fine-grained 
sand 

24 5-27.0’ S A M P L E  
Recovered 0 012 5 = 0% 

* -  27.0-27.5’ S A M P U  
Center bit drill 

27.5-29.5 ’ SAMPJX,  .. Recovered 2 0 1 2 0  = 100% .- SANDY CLAYSTONE dark yellowish or- 
ange (10 Y R  6 / 6 )  to moderate yellowish -- brown (10 Y R  5/41 and light gray (N 
7/0), fine-grained sand ( 3  0 - 2 5  0). low to .- medium plastic, massive, severely oxide 
(Fe) stained, moist 

- -  

B o r r h o l o /  W 011 No - (con ’ t . ) 
Ground Surtaco E lorat lon  

W a t o r  L o r 0 1  Eneountorod  

Statlc 

Dr111or 

Holpor 

Or1111na t lu ld 

Chooko6 BY 
8110 Maramor 

C R A A P  Manamor 
Cornmortr 

I 
t 

~ r g o  3 or 4 



L O G  
OF 

BOREHOLE 

e L o c a t b n  Rockv Flats Plant: Landflll Area B o r o h o l o /  W ~ l l  NO  - 7 (can't.) 
C oord lna  to  a G r o u n d  S u r l a c o  E l o V a t l O n  

T o t a l  D o p t h  W a t o r  L o v o l  E n c o u n t o r o d  

Orllllna Company DrIIIor 

Oat. Drlllod n o ~ p o r  

Drllling Yothod Drll l lng Fluld 

Loegod By Clroekod my 

S t a t l c  

aooloelmt 8 J t o  Yanaser 

C S A R ?  Manaaer 
C ommontm 

/ 
Lltholoelc Domcrlptlon 

t 

1 

29-5-37 0' SAMPT-E, 
Recovered 2 5 / 2 5  = 100% 
CLAYEY SANDSTONE light gray ( N  
7 / 0 )  to medium light gray (N 6/0), 
slightly to moderately oxide (Fe)  stained, 
massive, low plastic, weakly to moder- 
ately cemented, fine-grained sand (2 5-2 0 
0), moist 

TOTAL DEPTH 32  0' i 
8am~I.m C o l l o e t o d  or 

Othor t o m t a  ?orlermod / 



LOG 
OF 

B O R E H O L E .  

Location- Rockv Flats Plant: Landfill Area Boroholo/ W 011 No 59-87 
Coordinator N 39257.06 E 19431.75 Ground Surtaco Elovation 5992.90’  
Total  009th 76.0’ W a t o r  L o v o l  E n t o u n t o r o d  None 

Drllllng Company Bovle s Bros. Dr111or R. Sharp 
Dato Drlllod November 20, 1987 ~~l~~~ T .  Merritt 
Drllllng Mothod 3011 ow Stem Auger Dr l l l l ng  C luld None 
Loggod Dy J. Bacchus 

s t 8 t i t  15.05’ ( 4 / i i / 8 a  1 

Choakod  B y  
aOOlOgi8t S i t0  Yanaaor 

CCARC managor 
Commontr 

/ I / 

I I 

Y FLATS ALLUVIUM 

I, 

10 - 

15 - 

2p 

9-2.0’ S A M & € &  
Recovered 14/2.0’ = 70% 
CLAY dark yellowish brown (10 YR 
4/2), large angular quartzite clasts, 
coarse-grained sand; pockets of caliche, 
moist 

20-4.0’ SAMPLL 
Recovered 1 1/2.0’ = 55% 
CLAY same as above except wood in the 
shoe 

4.0-5.0’ SAMPJ.E, 
Recovered 0 4 / 1 0  = 40% 
WOOD dusky brown (5 YR 2/2), frayed 

5.0-8.0’ SAMPLE, 
Recovered 0 0/3 0’ = 0% 

8*0-10-5’ SAMP1.E 
Recovered 1 3 / 2 5  = 52% 
8 0-8 3’ WOOD same as above 
8 3-9 3’ CLAY dusky yellowish brown (10 
YR 4/2), caliche, wood, sand, moist 

Recovered 13/2.5 = 52% 
10 5-1 1 3’ CLAY same as above except 
the sample contains small cobbles, moist 
11 3-11 8’ CLAY light olive gray (5 Y 
5/2), mottled with dark yellowish orange 
(10 YR 6 / 6 )  large subrounded pebbles, 
moist. 

Total depth measured 12.8’ Adjust depth 

SampIor Colloatod or 
Otkor  T o r t 8  Portormod / 

HNu background = 
2 0-3 0 
OVA background = 
1 8  

Pg-2.0, Readings on 
core HNu 16, OVA 
400, Ludlum 0 

20-4.0’ Readings on 
core HNu 15, OVA 
200,  Ludlum 0 

4.0-5.0’ Readings on 
core HNu 13,  OVA 
0, Ludlum 0 

8.0- 10.5’ Readings on 
core OVA 290 ,  
Ludlum. 0 

5.0-9.3’ Readings in 
augers OVA off 
scale 

10.5- 1 1.8’ Readings 
on core OVA 12,  
Ludlum 0 

10.5- I I .8’ Readings 
in augers OVA off 
scale 

u.8- 14.9’ Readings 
on core. OVA. 40, 
Ludlum. 0 



LOG 
OF 

BOREHOLE 

Locat ioh  Rocky F- 1 Area Eoroholo/  W 0 1 1  N o  - (con't .) 
Coordinator  Ground S u r f a c o  Elovation 

T o t a l  Dopth W a t o r  L o v o l  Eneountorod 

Static 

Drllllng Company Dr i l lor  

Dato Drlllod Holpor  

Orllllng Yothod Drl l l ing C luld 

Loggod By 
Ooologlrt 

Commontr 

/ 
SampIor Col loctod  or / Othor t o r t 8  Portormod LI t hologlc Doacr lp  t ion  

J 2-8- 1 5.3' s m  - Recovered 2 1 / 2 3  - 84% 
12.8-130' SAND light olive gray (5 Y 
5/2), large rounded pebbles, moist 
130-149' SAND light brown (5 YR 5/6), 
coarse-grained, mottled with pale yellow- 
ish orange ( I O  YR 8/6) immature sand, 
high amount of k-feldspar and large an- 
gular quartz, small angular cobbles of 
quartzite, some clay, moist 

SAND same a.s above I '  

J 7.8-20.5' SAMPLE, 
1 Recovered 1 8 / 2 3  = 72% 

SAND, same as above 

AHOE FORMATION 

' 20.5-23-0' SAMPLE 
Recovered 3 5 / 2 9  = 140% 
CLAYSTONE light olive gray (5 Y 5/2) 

' mottled with dark yellowish orange (10 
YR 6/6), sandy, blocky structure 

33.0-25.5' SAMPLE, 
Recovered 2.8/2 5' = 112% . CLAYSTONE same as above 

- TOTAL DEPTH 260'  

J 5.3- 17.8' Readings 
on core OVA. 13, 
Ludlum 2. 

17.8-20.5' Readings 
on core OVA 18: 
Ludlum 5 

20.5-23.0' Readings 
on core. OVA 6 8; 
Ludlum 0 

YO-25.5, Readings 
on core OVA 3 8, 
Ludlum 0 

P l g . 2  of- 



L O G  
O F  

BOREHOLE 

LOC8t iOn  Rockv Flats Plant. Landfill Area B o r o h o l o  W o l l  N o  60-87 
C O O r d i n b l O S  N 3995 1 .63  E 19938.52 G r o u n d  s u r f o e o  E l o v 8 t L o n  5 9 8 4 . 0 3 '  
T o t 8 1  D o p t h  1 7 . 0 '  W a t o r  L o v o l  E n c o u n t o r o d  19.1' 

S t a t i c  8.30 '  (4111A8 1 
Dill l ing C o m p a n y  Dr l l lo r  J. Hiph 
0.10 Drlllod 19- 1987 Holpor L Kp*npv 

Drlll lng Mothod Wnl'Lpy S t e m  A u g e r  or1111ng Fluid N U ,  
L O # g O d  BY R. Tr eat C h o c k o d  By 

0 o lo glr t 8 l t0  Managor 

C I A R P  Urrr#or  
Commonta 

e 

S r m p l o r  C o l l o e t o ~  or 
hor  t o r t s  Cortormod Lithologlc Oorcr lpt lon  

CKY FLATS ALLUVIUV 

go-2-59 SAMPLE, 
Recovered 1 2 1 1  5' = 48% 
G R A V E L  AND SANDY CLAY dusky 
brown (5 Y R  2/2)  to dark yellowish 
brown (10 Y R  412) and moderate brown 
(5 Y R  3/4) ,  gravel ranging 0 2 5  mm up to 
cobble size. angular, subangular, and sub- 
rounded, weakly cemented, moist 

2.5-4.0' Center bit drill 

4.0-7.0' SAMPLF, 
Recovered 0 413 0' = 13% 
SAND AND G R A V E L  light brown (5 Y R  
5/61, slightly silty, gravel to 4 7 5  mm, 
subrounded, subangular, m u c h  of 
quartzite composition, sand ranging (3 0- 
2 5  0) to scattered ( 2 0 - 1 5  0) weakly 
cemented, moist 

7.0-9 5' SAMPLE, 
Recovered 0 012 5' = 100% 
Cuttings indicate same materials as above 

9.5-10.5' SAMPLE 
Recovered 0 611 0' = 60% 
SAND AND G R A V E L  light brown (5 YR 
6 / 4 )  to moderate brown (5 YR 4/4 )  w l t h  
angular and subangular gravel, range 0 2 5  
mm to 2 7 5  mm with well sorted sand 
( 2 5 - 2 0  0) to (05 -10  0), slightly clayey, 
weakly cemented, moist 

- 3n I 

IINu background = 
0 3  
OVA background - 
0 0  
Ludlum background 
= 0 0  

U Readings in 
augers OVA 35, 
HNu 210 



L O G  
O F  

B O R E H O L E  

~ o c o t l o r ~  Rockv Flats Plant: Landfill Area 8 o r o h o l o /  wall N O  60-87 (cont’d.) 
C o o r d i n a t o r  G r o u n d  S u r f a c o  E l o v a t l o n  

t o t a l  D o e t h  W a t o r  L o v o l  E n c o u n t o r o d  

Orill lng Company  D r l l l o r  

Oat. Dr i l lod  Ho lpor  

Orll l lng Yothod Dr l l l l ng  f l u i d  

Loggod By 

s t a t i c  

Chork.4 B y  
a O O l O g l 8 t  $ I t .  Yanaaor 

CtAllP Mraa@or 

Commontr 

/ 

- 
35 

Sampler Col loc tod  or / Othor  T o r t s  ?o r fo rmod  

-. 
gray ( N  7 / 0 ) ,  sand range ( 3 0 - 2 5  8) some -. coarser-grained., low plastic, moderately 
cemented, moist . 1 8 6 - 1 9 5 ’  SAND light brown (5  Y R  5/6)  
fine to coarse-grained, slightly clayey, 

sinall size scattered gravels. weakly ce- 
9 .- ranging ( 2  5-2 0 0 to 0 5-1 0 0) w i t h  some 

= -  mented, very moist to wet at 193 ’  

- -  
- 

-- rn -. 5-22.0 SAMPJ-Fa 
Recovered 0 712 5’ = 34% 

0 5  0) and finer-grained. weakly to non- 
L -- -- SAND light brown (5 Y R  6 / 6 )  w i t h  (1 0- 

-.) - -- cemented, poorly sorted, wet 

Zzp: Readings i n  
augers HNu = 3 2 ,  
OVA = 9 5  



L O G  
OF 

BOREHOLE  

Location TOC kv Flats Plant. Landfill Area borrttorr W O I I  N O  60-87 (cont’d.) 
C o o r d i n  ; l o r  G r o u n d  S u r f r c r  E l r v r t l o n  

T o t r l  D o p t h  W r t o r  Lrv r l  L n c o u n t r r r d  

s t 8 t i C  

Drl l l ln@ C o m p a n y  D r I I I r r  

D 8 t O  0 f l I lOd  H r l p o r  

Ori l l ln@ Yothod  Or l l I ln@  f luld 

L0ne.d By CRoeker 1)v 
~ . o l o # l r t  S l t o  Yonoaor 

CgAnP Maramor 

Commonto 

/ 
L l tho loa lc  0orcr lp t lon  

i 

t 

220-24.5’ SAMPLE, - 
Recovered 2 512 5’ = 100% 
2 2 0 - 2 4 3  SAND light brown (5 Y R  6 / 6 )  
sand ( 2  0-1 5 0) with occasional scattered 
gravel, subangular, subrounded, non to 
weakly cemented, wet 

.- 243-245 ’  CLAYEY SAND moderate 
brown (5 -YR 4/4)  w i t h  ( 3 0 - 2 5  0) l o  
scattered ( 2 0 - 1  5 0) moderately cemented 
poorly sorted, very moist 

24.5-27.0’ SAMPLE 
Recovered 0 412 5’ = 16% 
CLAY dark yellowish orange (10 Y R  

- =  6/6 )  pale yellowish brown (10 Y R  612) 
w i t h  blotches of dusky brown (5 YR 2/2 )  
to medium gray (N 6/0 )  and light gray (N 
7/0), sandy, low to medium plastic, sand 
( 2 5 - 2 0  0) small quartzite gravel to 0 7 5  
mm, moderately cemented, moist 

27.0-29.0’ SAMPLE, 
Recovered 1 1 / 2  0’ = 55% 
27 0-27 2’ CLAY pale yellowish brown 
(10 Y R  6 / 2 )  to dark yellowish brown (10 
YR 412). slightly sandy, fine-grained 
sand sand ( 2 5 - 2 0  0) moderately (Fe )  ox- 
ide stained, medium plastic, moderately i cemented, moist 

t I  

S r m p l o r  t o l l o c t o ~  or / Other  tort r  C o r f o r n o d  



L O G  
O F  

B O R E H O L E  

L o c a t l o r  ROC kv Flats P l a n t .  Landfill Area B o r r h o l r  W r l l  N o  60-87 (cont'd ) 

c o o  r 0 knee I e a G r o u n d  S u r f r c r  E l r v r t l o n  

T o t a l  D r p t h  W a t r r  L o v e 1  E n c o u n t r r o d  

s t 8 t l C  

Orll l lng C o m p a n y  D r l l l o r  

D r t o  DrIIIod H o l p o r  

Ori l l lng Mothod D r l l l l n #  Fluid 

Commontr  

/ 

Llthologle O o a c r l p t l o a  

t 
- t 

.- 27 2-28 1' CLAYSTONE light brown (5  
Y R  5 / 6 )  to predominantly light olive gray 
(5  Y 611). moderately oxide (Fe)  stained, 
blocky and layered, massive, medium to 

._ highly plastic, f ine-grained, slightly 
sandy, weathered, moist 

29.0-31.0' SAMPLE, 
- =  Recovered 0 012 0' = 0% 

31.0-32.0 SAMPLE, 
Recovered 1 5 / 1 0 '  = 150% 

= = C L A Y S T O N E  dark gray (N 3 / 0 )  w i t h  
lignite seams. massive, moderatelv ce- -- mented, blocky, highly plastic, weathered, 

t moist 

TOTAL DEPTH 32 0' t 

S r m p l o r  Colloctod or / O t h o r  T o r t r  C o r f o r n o d  

P ~ Q O  4 O f  4 



LOG  
O F  

BOREHOLE 

Locat lorn Rockv Flats Plant, Landfill Area B o r o h o l o  W o l l  N o  61-87 
C o o r d l n r l o r  N 3988 1.26 E 19974.80 G r o u n d  S u r f a c o  Elovatlocr 5984.00' 
Tot81  0 0 0 t h  34.1' W a t o r  L o v o l  E n c o u n t o r o d  19 .3 ' :  2 1 . 3 '  

Orilllng Company  Bovles Bras. 0r111.r S. Bradfield 
Oat. Orlllod November 2 4 ,  1987 Wolprr P. Mesa 
Orllllng Y o t h o d  -I- Drllllnm Fluld &ne 

S t a t i t  10.95'  (4/11/88) 

Commontr  

TIFICIAL FILL/ DISTURBEQ 

D.0-2.0' SAMPJ.E, 
Recovered 1 5 / 2  0' = 75% 
00-1 1' CLAY dusky yellowish brown 
(10 YR 2/2), large angular clasts of 
quartzite, sand, roots, no HCI reaction, 
moist 
1 1 - 1 5 '  CLAY same as above except 
dark reddish brown (10 YR 3/4),  dry 

2.0-40' SAMPLE, 
Recovered 1812 0' = 90% 
20-27'  CLAY same as above 
2 7-38'  GRAVEL pale reddish brown 
(10 R 5/4), clasts are supported by fine- 
to coarse-grained sand, no HC1 reaction, 
dr Y 

4.0-6.0' SAMPLE, 
Recovered 1912 0' = 95% 
G R A V E L  same as above 

POCKY FLA TS ALLU VXUM 

6 0-8.0' SAMPJ IE, 
Recovered 1812 0' = 90% - 15 SAND light brown (5 Y R  5/6), fine- 
grained. large angular pebbles, coarse 
sand. silt clay, no HCI reaction, slightly 
moist to dry 

8.0-10.0' SAMPLE 
Recovered 1312 0' = 65% 
SAND same as above except moist 

S r m ~ l o r  C o l l o c t r 4  or 
O t k o r  t o r t r  ?o r fo rnod  / 

HNti Rackgronnd=O 4 
OVA Uackground=O 2 

go-1.5' Readings on 
core HNu = 0 4 ,  
OVA = 0 2, Ludlum = 
0 

20-3.8' Readings on 
core HNu = 06.  
OVA = 0 4 ,  Ludlum - 
1 

40-5.9 Readings on 
core HNu = 06.  
OVA = 3 0 ,  Ludlum = 
1 

hQI Readings in 
breathing zone Hnu 
= 06,  OVA = 0 6  

dp: Readings i n  

augers HNu = 4 0 ;  
OVA = 300 

4.0-7.8: Readings on 
core HNu = 06. 
OVA = 08,  Ludlum = 
1 

8.0-9 3 Readings on 
core HNu = O h ,  
OVA = 05, Ludlum = 
2 



L O G  
O F  

BOREHOLE 

L o c a t i o n  Rockv F l a t s  P l a n t ,  L a n d f i l l  Area B o r o h o l o /  W o l l  N o  61-87 (cont 'd.)  
C o o r d i n a l o r  Ground  S u r f a c o  E l o v r t l o n  

T o t a l  Dopth  W a t o r  L o v o l  E n c o u n t o r o d  

Drlltlng Compony DrIIIor 
Holpor O r t o  Drlllod 

Drllllng Yothod Drl l l lna F l u i d  

s t8 t iC  

Loggod By  
Ooologlrt 

Choekod B y  
$110 Yonagor 

1 

/ 

- 25 

1 - 
35 

14 0-16.0' SAMPJ.E 
Recovered 1312 0' = 65% 
SAND light brown (5 Y R  6/6), clay an- 
gular pebbles, small angular cobbles, no 
HCl reaction, slightly moist to dry 

16.0- 18.0' S A M P L E  
Recovered 2 1 / 2  0' = 105% 
SAND A N D  SILT moderate brown (5 
Y R  414), fine-grained sand, coarse sand, 
angular pebbles, small angular cobbles, no 
HCl reaction. moist 

18.0-20.0' SAMPJ-E, 

SAND same as above 1 I ( ' I  

I C  

./ 
12.0-14.0' SAMPLE, - 
Recovered 2 2 / ?  0 = 1 1 O q  
SAND pale olive (10 Y 6/2)  mottled 
dark yellowish brown (10  Y R  4/21 and 
l ight  brown (5  k R  5/6). small angular 
cobbles, angular pebbles coaise- and fine- 
grained sand. micaceous very s l ipht  HCI 
reaction moist 

Kecovered 1812 0 = 90% 
180-193' SAND AND SILT same as 
above 
193-198' SAND moderate brown (5  Y R  
4/4). grains are well rounded, some clay, 
some angular pebbles, wet 

t t t  

Srmplor  Colloctod or 
Othor TO8tr C o r f o r n o d  / 

1 0 . 0 - w  Readings 
on core HNu = 06,  
O V A  = 0 2 ,  Ludlum = 
0 

12.0-14.0' Readings 
on core HNu = 0 4 ,  
OVA = 06 ,  Ludluln = 
2 

14 0-15.3' Readings 
on core HNu = 08.  
O V A  = 1 0  Ludlum = 
1 

16.0-18.0' Readinas 
on coie €1Nu = 04 ,  
O V A  = 06,  Ludlum - 
0 

38.0-19.8' Readings 
on core HNu = 0 4 ,  
OVA = 0 6, Ludlum = 
0 

20.0-21.8 Readings 
on core IINu = 0 4, 
OVA = 1 2 ,  Ludlum = 
0 

22.0-22 6 Readings 
on core HNu = 0 4. 
O V A  = 0 8, Ludlum = 
1 

o f  4 . -  
~ a g o  



L o c a t i o n  Rockv F l a t s  Plant, Lindfill Area l o r r h o l r  W O I I  N O  61-87 (cont'd ) 
C o o I d in- I r a G r o u n d  S u t r r c o  E l r v a t l o n  
t o t a l  O o p t k  W a t o r  L o v o l  L n c o u n t o r o d  

Or i l l lng  C o m p a n y  O r l l l o r  

D i t .  Dr l l lod H o l p o r  

Orl l l lng Yothod  Or1111ng Fluid 

static 

. . b e  36 0-38 6 .  0' S A M P L E  
No recovery - 

ARAPAHOE FORMATION . 
28 0-29 0 ' SAMPLE, 

- m  No recovery 

-- 29 0-31 0 SAMPLE 

-- C L A I S T O N E  

Drilled w i t h  center bit 

Recovered ?0;10 = 100% 
lisht oliLe _era\ ( 5  1 5 1) 

stained w i t h  dark vellowish orange (10 
' Y R  6/6) ,  dense, moist 

C ommontr 

i m p l o 8  t o l l o c t o d  or 
Llthologlc O o s c r l ~ t l o n  hor T o s t r  Porforrrod 

t i 
Recovered 1 8 / 2  0' = 90% 
200-21  3' CLAY light olive gray (5 Y 
5/2) ,  mottled w i t h  dark yellowish orauge 
(10 Y R  6 /6 ) ,  clay, moist 
21 3-21 8' G R A V E L  dark yellowish or- 
ange (10 Y R  6/6), small angular cobbles, 
coarse sand, clay, wet 

22.0-24 0' SAMPLG 
Recovered 0 6 / 2  0' = 30% 
G R A V E L  same as above 

24.0-26.0' SAMPLE 
No recovery 

i 

29.0-31.0 Readings 
on core HNu = 36. 
OVA = 08,  Ludlum = 
0 

' 

3 I. 1 - 3 3.1' 
on core HNu = 
120 0. OVA = 0 4, 
Ludlum = 0 

Rea dings 

33.1-34.1' Readings 
on core HNu = 40, 
OVA = 0 4. Ludlum = 
0 



L O G  
O F  

B O R E H O L E  

L o c a t i o n  Rockv Flats  Plant, Landflll Area 8 o r r h o  
C o o r  d in i t  o a  Ground  

T o t a l  Doptk  w a t o r  

DrIIIor  Orlll lng Company  

a w e t i  N O  61-87 (cont'd ) 
S u r r a c o  E l o v a t l o n  

.oval C n c o u n t o r o d  

s t a t i c  

Oat. Df l l lOd Holpor  

~ r l l l l n g  M o t h o d  Dr l l l l ng  C l u l d  

Loggod By C h o r k i d  B y  
O.ologlrt 8lto Y a r r g o r  

ClAClC  Hrna@or 

C ommor t r  

a 

Total depth measured 31 1' Adjust depth 

3 1.1 -3 3.1 ' SAhfPI*E* 
Recovered 2 012 0' = 100% 
CLAYSTONE same as above 

33.1-33.1' SAM PLE 
Recovered 1011 0' = 100% 
CLAYSTONE same as above 

TOTAL DEPTH 341' 

S a m p I o r  C o l l o c t o d  or / O t k o r  to r t r  P o r t o r n o d  

~ a g o  4 o t  4 



L O G  
OF 

BOREHOLE 

~ o c r t l o o  Rockv Flats Plant, Landfill Area Boroholo W e l l  N o  62-87 
C o o r d l n r t o a  N 39821.22 E 19999 70 G r o u n d  S u r f a c e  E l o v a t ~ o n  5984.16' 
Tot81 OOptk 30.0' W i t o r  L o v o l  Encountr rod  16.5'  

DrLll\ng Company Bovles Bras. D r ~ l ~ o r  T. High 
Oat. Drilled November 2 4 ,  1987 Holpor  B e  KeeneY 
Orllllng Mothod C r a m  &gpr Drll l lng Fluid  None 

S t 8 t l C  11-50 '  (4/11/88) 

I 

Chookod By I Logsod  B y  R.T. Treat 
O.ologlrt 8 l t0  Yenagor 

I 
C I A R P  Mera@or 

Commontr 

imp lo r  Colloctocl or 
Llthologlc  0 o r c r l p t l o r  h o r  t o r t r  ?o r fo rnod  

A R T I F I C U L  F I W D I S T U R W  

2.0' SAMPLE 
Recovered 1312 0' = 65% 
CLAY light brown (5- 
moderate brown (5 Y R  4/4)  
brown (5 Y R  3/2) blotches, 
sand (30-25  0), small 

Y R  5/6) to 
with grayish 
f ine-grained 
size gravel 

subrounded and rounded, some minor 
fragments of claystone, low plastic, 
weakly cemented, moist 

Recovered 0 3 / 2  0' = 15% 
CLAY AND GRAVEL slightly sandy, 
moderate brown (5 Y R  3/4)  to varying 
light brown (5 YR 5/6) to grayish brown 
(5 YR 3/2), sand ranging from 3 0 - 3 5  0 
to 1 0 - 0 5  0, rounded and subrounded 
gravel, subangular gravel of  quartzite 
composition. scattered cobbles, weakly 
cemented, poorly sorted, low plastic, 

BOCKY FLATS ALLUVIUM 

4.0-7.0' SAMPLE 
Recovered 0 013 0' = 0% 
SAND AND GRAVEL varying brown, 
slightly clayey, fine- to medium-grained 
sand, some scattered cobbles, poorly 
sorted, weakly cemented, moist 
Description based on cuttings 

J.o-s.o* SAMPJ -F, 
Center bit used 

HNa BackproundSO 3 
OVA Background4 0 
Ludlum background 
= 0 0  

Readings in 
augers HNu = 75, 
OVA = 185 

9.5-10.5' Readings 
on core HNu = 45 ,  
OVA = 125 ,  Ludlum 
- 0  

ea di ngs 10.5-11.9' R 
on core HNu = 0, 
OVA = 85, Ludlum = 
0 

&&' Readings in 
augers HNu = 0, 
OVA = 1,000+ 



L O G  
OF 

BOREHOLE 

L o c a t t o n  Rockv F l a t s  P l a n t ,  L a n d f i l l  Area B o r o h o l o  W o l l  N O  62-87 (cont'd.1 
C o o r d i n r l o r  G r o u n d  S u r l a c o  E l o v r t l o n  

t o t a l  D o p t k  W o t o r  L o v o l  E n c o u n t o r o d  

s t a t i c  

Drlltlns Company  DrII Ior  

0.10 Dr l l lod  Holpor  

Drllllng Yothod Drl l l lng Fluid 
Loggod B y  C h o c k 0 4  B y  

aoologlat a l t o  Managor 

C R A R P  Umraeor 
Commorts  

- S A M P U  - Recovered 0 Of 15' = 0% 

25 

30 

- 35 

9.5-10.5' SAMPLE 
Recovered 1 3 /  IO' = 130% 
SAND A N D  GRAVEL light brown ( 5  
YR 6/4  and 5 YR 516). quartzose gravel 
(0 2 mm to 2 75 mm). few cobbles. slightly 
calcareous sand ( 3 0 - 2 5  0 to 1 0 - 0 5  0). 
weakly cemented moist 

10.5-12.0'AMPJ.E 
Recovered 1 411 5' = 93% 
SAND AND GRAVEL slightly clayey, 
otherwise as stated in previous run 

G.0-14.5' SAMP Le 
Recovered 2 2f 2 5' = 88% 
12 0-12 4' C L A Y E Y  SAND light gray (N 
7 / 0 )  to varying light brown (5 Y R  6/4), 
fine-grained sand -(3 0-2 5 0), moderately 
cemented, moist 
12 4-14 2' SAND AND GRAVEL 
moderate brown (5 YR 4/4 )  to varying 
lighter brown ( 5  YR 5/6  and 5 YR 6/4), 
sand ranging from 2 0-1 5 0 to 0 0-0 5 0, 
gravel ranging 0 2 5  mm to 2 5 0  mm, 
gravel subrounded, subangular, w i t h  few 
angular, weakly cemented, well sorted, 

40 ' - I I 

S a m ~ l o s  Col loetod  or 
Othor t o r t s  C o r r o r n o d  / 

Ip9: Readings i n  

augers HNu = 0, 
OVA = 75 



L O G  
OF 

B O R E H O L E  

14.5-17 0' SAMPLE 
Recovered 2 112 5' = 84% 
SAND moderate brown (5 Y R  4/4) to 
some l ight  brown (5 Y R  5/6), slightly 
clayey, sand ranging from 3 0 - 2 5  0 to 
scattered 1 5 - 1 0  0, some scattered gravel, .. weakly to non-cemented, very moist to 
wet at 16 5-16 7', then moist below 

17.0- 19.5' SAMPLE -. Recovered 2 5 / 2 5 ' =  100% 
SAND l ight  brown ( 5  YR 516) to pale .- yellowish brown (10 Y R  6 / 2 )  w i t h  llght 
gray (N 710). fine-grained sand ( 3 0 - 2 5  

- =  0), non to weakly cemented, poorly sorted 
sand, rounded, slightly clayey to very - -  clayey streaked, wet to very moist 

~ o c a t i o n  'Sock\ Flats plant, Lanaiill Area 

C o o r d i n i l e r  

T o t a l  D e e t h  

O r l l l i n g  C o m p a n y  

O a t 0  Dr l l lod  

Ori l l lng  Mothod 

Loggod B y  
a .o lo~ l , t  

B o r r h o i r  w a i l  N O  62-87 (cont'd ) 
G r o u n d  S u r l a c r  E l r v r t l o n  

W a t r r  L a v r l  E n c o u n t r r r d  

3 1 8 1 I C  

Dr111.r 

H o l e o r  

D r i l l l n a  P lu ld 

Chockad  B y  
SIt. Yln.@.r  

C R A R P  Mrra@or 
Commort r  

t 
I 

I 

5-290' SAMPLE 
Recovered 2 512 5' = 100% 
195-210 '  CLAY l ight  gray (N 7/0)  
w i t h  some pale yellowish browns (10 YR 
6/2) ,  h i g h l y  plastic, moderately cemented 
slightly salrdv ( 3  0-2 5 0). moist 
21 0-22 0 SAND moderate brown ( 5  Y R  
4 / 6 )  scattered gravel fine- to medium- 
grained 5nnd ia i ig i i ie  from 2 5-1 0 8 to  
2 0-1 5 0 tbeahlt cemented verb moist 

SrmpIor  C o l l o c t o d  or 
Other Toeta C o r f o r n o d  / 



L O G  
OF 

B O R E H O L E  

~ o e r t i o n  Rock\ F l a t s  Plant, Landfill Area 
C o o r d r n ~ l r r  

t o t a l  D o p t k  

O r l l l l n s  Company  

Oat. Dr l l lod  

Oril l ine Nothod 

L o g g o d  Dy 
Q o o l o ~ l r t  

8 0 r o h o I o  w o l l  N O  62-87 (cont'd.) 
Ground S u r f r c r  E l a v r t i o n  

W a t o r  Lrvrl  E n e o u n t r r r d  

S t r t l c  

D r l l l o r  

H o l p o r  

Dr l l l lng  f l u i d  

Chocltod DY 
SIto Yanaaor  

C o m m o n t r  

t 

22.0-24.5' SAMPLE 

2 2 0 - 2 2 5 '  SAND AND GRAVEL light 
Recovered 2 512 5' = 100% 

brown (5  Y R  5/61, fine-,  medium-, and 
coarse-grained sand ranging from 2 0-1 5 
0 to 0 5 - 1 0  0, small gravel ( 0 2 5  min and 
to cobble size), weakly to non-cemented, 
well sorted sand and gravel, wet 
2 2 5 - 2 4 5 '  SANDY CLAY light brown 
( 5  Y R  5/61 and light brownish gray (5 
YR 6/1),  fine-grained sand ( 3 0 - 2 5  0), 
moderately cemented, low to medium 
plastic, moist 

245-26.5' SAMPLG 
Hecovered 2 012 0' = 100% 
24 5-26 3 SANDY CLAY varying 
brown with gray. fine-grained sand (3 5- 
3 0 0), moderately cemented, medium 
plastic. moist 

ARAPAHOE FORMATION 

2G 3-26 5' CLAYSTONE varying dark 
yellowish browu (10 Y R  4 /2 )  to hght 
brown (5 Y R  516). medium plastic, 
moderately cemented, weathered, moist 

26.5-27.5' SAM PLE 
Recovered 1 S I 1  0' = l50oIo 
CLAYSTONE varying brown and gray 

* streaks. moderately oxide stained, 
moderately cemented, blocky, weathered, 

' moist 

S r m p l o r  Col loct .4 or / O t h o r  tort r  C o r f o r n o d  

~ a g o  4 o f  5 



O F  
B O R E H O L E  

.. 

.I. 

~ o c ~ t i o n  Rock\ Flats P lan t ,  Landfill Area 

.D 

. 

A 

C o o r d i n r l r r  

rot rc  O a p t h  

. D  

Drl l l lng  C o m p a n y  

Dato Drl l lod 

Orl l l lng Yothod 

D 

. 
- D  

D 

t 

S r m ~ I o r  t e l t e c t o d  or 
L i thologlc  Dorcr ip t lo r  hor  t o r t r  C o r f o r n o d  

T 

i I 

Recovered 10/10' = 100% 
CLAYSTONE pale yellowish brown (10 
Y R  6/2)  to pale brown ( 5  YR 512) and 
medium light gray (N 6/0), slightly sandy, 
f i ne -gr a I 11 e d , modern t e 1 y rem en t e d h I g h I y 
plastic, blocky, weathered, moist 

28 5-30 0 ' SAMPLE 
Recovered 1 5 1 1  5' = lOO*o 
CLAYSTONE grav a n d  
iiioderalely to sl ightlt  oxide 
iiiassit e medium plastic 
weathered moist 

TOTAL DEPTH 300'  

t t t  
t 

brown 
s t a i n e d  
blocb 1 



L O G  
OF 

B O R E H O L E  

LOC8tlOfb Rocky Flats Plant, Landfill Area B o r o h o l o  W o l l  N o  - 
C o o r d l n r l o r  N 39738 07 E 20040.50 G r o u n d  S u r t r c o  E l o v a t i o n  5985 .42' 
T o t 8 1  Doptk 30.0' W r t o r  L o v o l  E n c o u n t o r o d  14.0' 

Orll l lng Company Bovles Bras. D r l l l o r  S. B r a d f i e l d  
O r t o  Drll lod November 30-December 1, 1987 H o l p o r  

Orl l l lng  Mothod  S t e m  w r  D r l l l l n a  f l u l d  

L o Q Q * d  BY R.T. T reat C h o c k 0 4  By  

St8t lC  13.56 ' (4 /11/8 8) 

Goologlst  S l t o  Manasor 

CEACIP Marasor  
Commonto 

L i t h o l o g i c  D o s c r l e t l o n  

-0 

- 5  

I 

0 0-2.0' SAMPLE 
Kecovered 0 412 0' = 30% 
G R A V E L L Y  CLAY dusky yellowiqh 
brown (10 Y R  2 /2 )  to l ight  brown (5 Y R  
5/6), asphalt and cobbles on or near sur- 
face, slightly sandy gravel, gravel sub- 
rounded to rounded, 0 5 0  m m  to cobble 
size. poorly sorted sand, weakly cemented, 

7-  . 2.0-4.0' SAM P L E  
Recovered 2 012 0' = 100% 
CLAY AND GRAVELS w i t h  small 
amount of claystone and small asphalt 

e - fragments noted, moderate brown (5 Y R  
3 / J  arid 5 Y R  J/4) to light brown (5 Y R  - 516 and 5 Y R  6/4) ,  gravel (3  75 mm) w i t h  
scattered cobbles, poorly sorted sand and 
gravel, small amoiint of claystone. small -. amount asphalt fragments. moderately 
cemented, low to mediuni plastic, moist 

3 

- 10 'I 
d. -- P . 

c 

-* - 
4 0-6 0 ' SAMPLE . L . Recovered 0 0/20 '=O% 

AMPLE 
Recovered 1312  0' = 65% 

" 6 0 - 6 5 '  CLAY AND G R A V E L  same as 

S r m p l o o  t o l l o t t o d  or / O t h o r  T o r t s  ?or formod 

HNu Rackcround4 4 
OVA Background=O 0 
L 11 dl u ni background 
= 0 0  

9.0-0.4' Reading on 
core. Hnu = 0, OVA 
= 1 4 ,  Ludlum = 0 

20-4 0' Readings on 
core, HNu = 0. OVA 
= 08,  ~ u d i u m  = o 

6.0-7.3' Readings on 
core H n u  = 0. OVA 
= 1 2 0 ,  Ludluln = 0 

89: Reading i n  
augers HNu = 0, 
OVA = 1000+ 

8.0-9.6 Readings on 
core HNu = 75. 
OVA = 52, Ludlum = 
0 

n.0- 10.5 Readings 
on coie HNu = 0. 
OVA = 5 5. Ludlum = 
0 

12 0-13.0' R ea dings 
on core H N u  = 86, 
OVA = 28, Ludlum = 
0 
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L o c a t i o n  Rockv Flats Plant; Landfill Area B o r r h o l o /  W ell N o  - (ront'd.1 
C o o r d i n r l o r  G r o u n d  S u r f r c o  E l o v r t l o n  

T o t a l  0 0 0 t h  Water L o v o i  E n c o u n t o r o d  

st 
Drllling Company  Drll lor 

O r t o  Drlllod H o l p o r  

Orilllng N o t h o d  Drllllng Fluid 

Loggod By C h o r k o d  @ Y  
O.olo*lrt a l to  Yano*or 

C I A I P  Maragor 
Commontr  

- 35 

Lithologic D o r t r l p t l o n  

20 I 
- 

weakly cemented, dense, light moist 

-- .- 10.0- 11.0' SAMP J .E .- . Recovered 0 511 0' = 50% 
SAND AND GRAVEL varying light - --  brown (5 YR 516 and 5 YR 614). sand 
( 3  0-2 5 0) with scattered larger grains 

and few rounded, poorly sorted, weakly 
- - -D and small cobbles, subangular, angular, 

9 - -  to moderately cemented, light moist -- 
. m -- 11.0-12 0' SAMPLE 

Center bit used -- -- -- 
12 0-14 0' SAMPLE .. -- 

ID Recovered I 012 0' = 50% 
SAND AND GRAVEL same as above 

t t t  

Samplor  C o l l o c t o d  or / O t h o r  T o r t s  Corfornod 

$ 4  0-15 * Readings 
on core HNu = 145, 
OVA = 8 8, Ludlum = 
0 

18.0-18.6' R eadings 
on core HNu = 1 0 2 ,  
O V A  = 55, Ludlum = 
0 

19 0-20.2 Readings 
on core IiNu = 0 
C)\ A = J 2 Ludlurn = 
0 

LO-21.7' Readings 
oil core HNu = 0, 
OVA = 16, Ludlum = 
0 

23 0-25 0' Readings 
on core H N U  = 0, 
OVA = 10, Ludlum = 
0 



L o c a t i o n  qcckv F l a t s  T l a n t ,  Landfill :rea B o r o h o l o  W e l l  N o  - (cont'd ) 

C o o r d i n r l o r  G r o u n d  S u r f a c o  E l o v a t l o n  

T o t a l  O o p t h  W a t r r  C o v o l  E n c o u n t o r 0 0  

S t a t i c  

Drl l l ing C o m p a n y  D r l l l o r  

O a t .  Orlllod H O l p O f  

Orl l l lng  Mothod  Dr l l l lns  Fluld 
Loggod B y  

a.oro*rat 

C ommortr  

rmolor  Colloctod or 
L i tho log ic  D o o c r l ) t l o n  

t 

t 
t 

14.0- 16.0' SAMPLE 
Recovered 1 212 0' = 60% 
SAND AND G R A V E L  moderate yellow- 
ish brown (10  YR 5 / 4 )  to varylng llght 
brown (5 Y R  516) and moderate brown (5  
Y R  4/4), f ine-  to coarse-grained sand 
ranging from 2 5 - 2 0  0 to scattered ( 0 5 -  
0 0 0). rounded, scattered gravel (0 55 m m  
up to 2 2 5  mm), rounded and subrounded, 
slightly clayey, wet at 1 4 0 '  to very moist 

* 
.. Recovered 0 012 0' = 0% 

16 0-18 0' SAMPLE 

C'uttings appear as continutng sand and 
gravel deposits 

-. 18.0-19.0' SAMPLE 
Recovered 0 611 0' = 60% 

= =  SAND moderate brown ( 5  YR 414) vary- 
ing light brown (5 Y R  516). medium- and - -  coarse-grained sand ( 2 0 - 1 5  8 to 0 5 - 0 0 6  
0). small s i te  scattered gravel, poorly 
sorted. very moist to moist 

19  0-21.0' SAMPLE 
Recovered 1 2 1 2  0 = 60% 
SAND light brown ( 5  Y R  5 / 6  and 5 > R  
6 1 4 )  to medium brown (5  > R  4 t 4 )  
slightlv clavey to very clavev medlum- 
and coaise-grained to f Ine-grained sand 
( 2  5 -2  0 8). modelcltelv cemented 1 e r x  

-- 
.- 

-- c l a v e \  \eiv  nioist to moist 

.- 

/Other T o r t @  P a r l o r n o d  
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.- 
--  

- L o c a t i o n  ?ocL. F l a t s  Plant ,  Landfill Area B o r o h o l o  W o l l  No (cont ' d .  ) 
C o o r d i n a t o r  G r o u n d  S u r f a c o  E l o v a l l o n  

T o t a l  D o p l k  W a t o r  L o v o l  E n e o u n t o r o d  

S l a l l c  

Drl l l lng  C o m p a n y  D r l l l o r  

D i t 0  Dril lod Holpor 
Dfll l lng Mothod  Dr l l l lng  Fluid 

21 0-23.0' SAMPLE 
Recovered 0 712  0' = 35% 
C L A Y E Y  SAND varying brown (5 Y R  
512). sand ( 2 5 - 2 0  0) with some scattered 
coarse-grained, small-size gravel (0  25 
mm). low plastic, moderately cemented. 
moist 

D 

- 23 0-25.0' S A M P L E  
Recovered 2 012 0' = 100% -. S A N D Y  C L A Y  varying w i t h  light 
brown (5 Y R  5/6  and 5 Y R  6/41 to mod- .. erate brown (5 Y R  314). blotchy with 
dark yellowish orange ( 1 0  Y R  6 / 6 )  to .. pale yellowish brown (10 YR 6 / 2 ) ,  sand 
(3 0-2 5 0) with moist, coarse-grained ( I  5- -- 1 0  0), poorly sorted, moderately ce- 
mented, massive, low to medium plastic. 

* -  St l f f ,  moist 

Loggod  Dy 
O.ol0gl.t 

C o m m o n t r  

t 

i 

t I 
ARAPAHOE FORMATION 

25 0-27 0 S A M P L E  
Recovered 2 012 0' = 100% 

C L A Y T T O N E  moderately oxide (Fe) 
stained browns of moderate yellowish 
browns ( 1 0  Y R  514) w i t h  dark yellowish 
orange (10 Y R  6/5) to predominantly 
light grav (N 7 / 0 )  to medium light gray 
(N 5/0) ,  medium to highlv plastic nioder- 
atelv cemented, slightly calcareous 
streaked, massive, weathered, moist 

S r m ~ l o r  Co l loc tod  or / O t h o r  T o r t @  ?ortormod 
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~ o e a t i o n  1 ~ 7 ~ k ~  F l a t s  Plant, Landfill Area l o r o h o l o  W o l l  N o  - (rpnt ' d  ) 

c o or e t n J  I a G r o u n d  S u r f a c r  E l r v r l l o n  

t o t r l  D o e l k  W a t r r  L r v o l  L n c o u n t r r r d  
$ ! 8 t l C  

Drlllln@ C o m e a n y  D r l l l o r  

O r l o  Drlllod Holeor 
Orl l l ln@ Moth04  Dr l l l lna  Flu14 

Loas04  By C h O 8 k a d  DP 
O O O I O ~ I O ~  8 i to  Y r a o ~ o r  

CRAIIP U 8ar@@V 

Commonta  

rmplor t o l l o c t o d  or 
Lltholomle Dorcr le t lon  hor  Tortr ?orforno4 

F 

27.0-29 0' SAM PLF 
Recovered 2 012 0' = 100% 
CLAYSTONE medium grav (N 5/01 to 
medium dark gray (N 4/0), blocky. mas- 
sive, now only slightly oxide (Fe)  stained 
i n  thin streaks, medium to highly plastic, 
weathered, moist t 
29 0-30 0' SAMPLE 
Recovered 0 0 / 1 0  = 0% 
CLAYSTONE 
stem auger, weathered 

based on pieces in liollow 

TOTAL DEPTH 100 
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L o c a t i o n  Rockv Flats Plant, Landfill Area E o r r h o l r  W r l l  N o  64-87 
C o o r e i n a t o r  N 39349.01 E 20162.23 G r o u n d  S u r f a c r  E l r v r t l o n  5985.89 '  

t o t a l  D o p t h  2 8 . 0 '  W r t r r  L r v o l  E n c o u n t o r r d  J h . 5 '  

a 
S t 8 t k  ~ 6 . 7 6 '  u i u i a a )  

I 
Orillins C o m p r n y  Bovles Bras. Ori l lor  T. HiRh 
0.10 Drl l lod December 2-4, 1987 ~ 0 1 p . r  B- KeeneY 
Drilling Mothod u a v  S t p m A u n e r  Drllllnm Fluid ,Jgne 
~ o g g o d  m y  R.T. Treat C h o c b o a  B y  

Goologlrt  8Ito Yaaasor 

C t A R ?  Y l r l @ O r  

C ommontr  

L l t h o l o g l c  D o r c r t p t l o r  

Cuttings appeared as clay with gravel, 
sandy, some asphalt fragments 

2.0-4 0- SAMPLE 
Recovered 0 012 0' = 0% 

5.0-7.0' SAMPLE, 
Recovered 2 012 0' = 100% 
5 0-6 0' CLAY moderate yellowish 
brown (10 YR 514). fine-grained sand 
with gravel grayish brown (5 Y R  3/2)  to 
dusky brown (5 YR 2/2), slightly clayey, 
ftne-,  medium- and coarse-grained sand 
(1 0-2 5 0 to 0 5-1 00 01, gravel 0 15 rnm 
up to 1 7 5  mm, subrounded, angular, and 
angular, weakly cemented, poorly sorted 
gravel, well sorted sand, f e w  scattered as- 
phalt fragments, light moist 

HNii l 3ackgraund4  2 
OVA Uackground=U 0 
Ludlum Background 
- 0  

5.0-7.0' Readings on 
core HNu = 2 5. 
OVA = 11, Liidlum = 
0 

70-7.C Readings on 
core HNii = 15 5, 
OVA = 310, Ludlum 
= o  

13.0-14 5' Readings 
on core HNu = 0, 
OVA = 38. Ludlum = 
0 

14.5- 17 0' Rea dings 
on core HNu = 0, 
OVA = 1 2 5 ,  Ludlum 
= o  

17 0-19.5 Rea di ngs 
on core HNu = 0 ,  
OVA = 11 4, Ludlum 
= o  

19 5-22 0' Readings 
on core HNu = 0, 
OVA = 135, Ludlum 
- 0  

P8gO o f  5 
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L o c a t i o n  Rockv F l a t s  P l a n t ,  L a n d f i l l  Area B O ~ O ~ O I O  W O I I  N O  64-87 (cont'd.) 
C o o r d i n a t o ~  G r o u n d  S u r f a c o  E l o v r t l o n  

t o t a l  D o p t h  W i t o r  L o v e 1  E n c o u n t o r o d  

S t r t l c  

Drllllng C o m p a n y  DrlIIor 

O a t .  Drlllod Holpor  

Drll l lng Method D r l l l l n g  Cluld  
Logsod  By 

Ooologlmt 

Commentm 

/$ - 

- 25 

- 30 

- 
35 

40 - 

L l t h o l o g l e  Domcrlption 

I 

/.- 7.0-9.5' SAMPJ E 
Recovered 0 6f  2 5' = 24% /- S I L T Y  SAND WITH G R A V E L  dusky 
brown (5 Y R  2/2), sand ranging from 3 5 -  
3 0  0 to 2 0 - 1 5  0. weakly cemented, 
poorly sorted, gravel ranging from 0 2 5 -  - 0 75  ~ m .  light moist 
SPECIAL N O T E  During this run, most - of the cuttings now appearing as a sani- 

Consisting o f  wood 
particles, insulated wire fragments, 
construction ribbon, surgical gloves, 
sarane.r suits, and assorted plastics 

ary landfill  deposit 

5L S-l? 0' SAMPLE 
Recovered 0 Of 2 5' = 0% - -  
Auger cuttings during this run now ap- 

. pearing as a C L A Y E Y  SAND or a verv 
S A N D Y  C L A Y ,  moderate olive brown ( 5  
Y 4/41 to a n  olive grav ( 5  k 3j2 )  fiiie- 
graiiied sand ( 3 0 - 2 5  0) rcattered 
amounts of coiitinued trash debris 

-- 0-13.0' SAMPLE 
Center bit used 

13.0-14 5' SAM P L E ,  
* -  Recovered 1 5 / 1 5 '  = 100% -- SAND moderate yellowish brown (10  

\IR 5/4 )  to dark yellowish orange (10 YR _ _  6/6), well sorted sand ranging from 2 5 -  
2 0  0 to 0 0 - 0 5  0, rounded subrounded. _ _  and some angular, weakly cemented, 
slightly clayey, moist to very moist at 
end 

- 

Samplea Collectod or / Othor T o a t @  C o r f o r n o d  

224: Readings i n  

augers HNu = 184, 
O V A  = 1,000+ 

22.0-24 5' Readings 
on core HNu = 0. 
O V A  = 13 2, Ludlum 
- 0  

24 5-25 5 Readings 
on core HNu = 0. 
O V A  = 8 2. Ludlum = 
0 

25.5-27 0 Readings 
on core HNu = 0, 
O V A  = 4 8 ,  Ludlum = 
0 

- 
I 
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- -  14.5-17.0' SAMPLE, 
Recovered 2 5 / 2 5 '  = 100% - -  SAND light brown ( 5  YR 5/6), moderate 
brown ( 5  Y R  4/4)  to pale yellowish -- brown (10 Y R  6/2), and dark yellowish 
orange (10 Y R  6/6), sand ranging from 

* -  3 5 - 3 0  0 up to 2 0 - 2 5  0, weakly ce- 
mented, poorly sorted, clayey sand w i t h  
coarse deposits noted from 165-170' and 
some scattered gravel below 165'. satu- 
rated sand at 145' to otherwise moist de- 
posits 

~ o e a t ~ o n  Rockv Flats Plant, Landfill A rea  ~ o r o t t o ~ o  W O I I  N O  64-87 (cont'd.) 
C o o r  d ina  1 0 8  G r o u n d  S u r f o c o  E l o v 8 t l o n  

T o t a l  D o e t h  

DrllllnQ C o m p a n y  

D i t .  Dr l l lod 

Orll l lnB Y o t h o d  

LO99.d B y  
a 0 0 log lat  

W a t e r  L o v o l  E n c o u n t o r 0 0  

S t a t l c  

D r l l l o r  

H o l p o r  

Or1111n~ Fluld 

C o m m o n t r  

Sam)lor  t o l l o c t o d  or 
L l t h o l o g l c  D o r c r l p t l o s  h o r  T o r t 8  ?ortormod 

I I 

i 
I t  

19 5-22 0' SAMPLE 
' Recovered 2 512 5' = 100% 

195-205' SAND AND G R A V E L  as 
noted in previous r u n  
20 5-22 0 SLIGHTLY SANDY CLAY 

' pale yellowish brown (10 Y R  6 / 2 )  to l i e h t  . gray (N 6/0) ,  scattered sand ( 2 0 - 1  5 8). 
moderately cemented, low plastic moist 
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~ o e r t l o n  Rockv Flats Plant, Landflll Area B o r o h o ~ o  W O I I  N O  64-87 (cont'd.) 
c o o r 0 in-r I a G r o u n d  S u r f a c o  E l o v a t l o n  

t o t a l  D o p t h  W i t o r  L e v o 1  E n c o u n t o r o d  

S t a t l c  

Orl l l ing  C o m p a n y  D r l l l o r  

O a t 0  Drlttod n0tp.r 

Drll l lng Yetho* Drilling f lu ld  

Lo90.d B Y  
0 o lo alat 

a 

/ 
L l t h o l o g l c  Oorcr lpt ion  

t 22,0-24.5 SAMPLE, 
Recovered 2 512 5 = 100% 
22 0-23 3 C L A Y  moderate vellon ish 
biowii (LO YR S i J )  to dark \elloniqh 0 1 -  

ange (10 1 R 6 / 6 )  with some llght brown 
(5 Y R  5 /6 ) ,  flne-grained sand ( 3 0 - 2 5  8). 
low to medium plastlc, moderately ce- 
mented, moist 

r m  

7 
23 3-24 5' C L A Y S T O N E  light brown (5 - -  Y R  6 / 4  to 5 YR 516) to moderate brown 
(5 Y R  4J4). sandy to very sandy streaks, - -  fine-grained sand (3 0-2 5 0). moderately 
cemented, severely oxide stained, low -- plastic, poorly sorted, highly weathered, 

inoist 
t 

-t 

Recovered 1 3 / 1 0 '  = 130% 
C L A Y E Y  SANDSTONE dark yellowish 
orange (10 YR 6/6) to light brown (5 Y R  
5 / 6 )  and pale brown (5 Y R  5/2) ,  f ine-  
grained sand ( 3 5 - 3 0  0 to 3 0 - 2 5  @), 
severely oxide stained, weakly cemented, i poorly sorted, weathered. moist 

sam)l.r Coll.rtocl or / O t h o r  tortr  P o r t o r n o d  



L C G  
OF 

B O R E H O L E  

S r m p l o r  Coll*ct*4 .t 
L l t h o l o ~ l c  Oorcr lp t lon  /O Ihor  t o r t r  P o r t o r n o d  

/ 

- a . 5 - 2 7  0' SAMP1.F 
Recovered 1 5 / 1 5 '  = 100% ..) CLAYEY SANDSTONE yellowish or- 
ange (10 YR 6/6) to light brown (5 YR 
5/6) w i t h  blotches of light gray ( N  7/0), 
streaky, fine-grained sand (3 0-2 5 0 to .. 2 5-2 0 0), weakly cemented, poorly 
sorted, massive, highly weathered, moist .. to very moist at bottom of run 

27.0-28.0' SAMPLE, 
Recovered 1 O/l 0' = 100% 
CLAYEY SANDSTONE 
vious run 

.. as noted in pre- 

TOTAL DEPTH 2 8 0 '  I 

P a g o  5 o t  5 
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L o e a t i o n  Rockv Flats Plant, Landfill Area B o r o k o l o  W o l l  N o  

t o t a l  D O p t h  27 0 '  W r t o r  L o v o l  E n t o u n t o r o d  1 4 . 0 '  
C o o r d i n a t o r  N 19750.14 E 20200 .22 G r o u n d  S u r f r e 0  E l o v r t l o n  5983.08'  

S t a t i c  10 .46 '  (4/1 1 / 8  8) 
Drl l l lng  C o m p r n y  Bovleq Bras. Dr l l lo r  T- U i o h  - 
0.10 Drlllod December 8-9 ,  1987 n o ~ p o r  B. Keenev 
Drllllng Mothod S t e u p p t  or1111n) Flu14 None 

Lo99.d BY R.T.  Treat Chorkod B y  
Goologlat SIto Y r r o # o r  

C I A R C  Uaragor 
Commontr  

- 
0 

5 

TIFICIAL F I U D I S T U R B E D  

9 0-2.0' SAMPLE, 
Recovered 1 4 / 2  0' = 70% 
C L A Y E Y  SAND AND G R A V E L  light 
brown (5 Y R  5/6) to moderate brown (5 
Y R  4/4) ,  ranging from 2 5 - 2 0  0 to 0 0 - 0 5  
0, rounded and subrounded gravel (050  
mm to scattered cobbles). lowe; portion of  
sample is black (N 110) to dusky brown (5 
Y R  2/2), moist to damp 

Recovered 1 612 0' = 80% 

as noted i n  previous run - 2 5 - 3 6 '  CLAY light brown (5 Y R  516 
and 5 Y R  6/4)  to pale yellowish brown - (10 Y R  6 / 2 )  and dark yellowish orange 
(10 Y R  6/5) w i t h  blotches of dusky - brown (5 Y R  2/2),  some claystone and . sandstone fragments, scattered gravel to 

- 2 0 - 2 5 '  C L A Y E Y  SAND AND G R A V E L  

3 25 mm, angular, subangular, moist - 
4.0-7 0' S A M P L L  - Recovered 2 213 0' = 73% 

colors as stated above sandy, Iit- - tle scattered gravel, more claystone frag- 
ments than above, low plastic, moderately 
cemented, moist 

/ CLAY 

- 

S r m ) f o r  Co l lo r tod  or / O t h o r  tortr ?or formod 

OVA Background=O 8 
HNu Background=O 2 
Ludlum Background 
- 0  

0.0-1.4' Readings on 
core HNu = 0, OVA 
= 115 

2.0-3.6' R eadings on 
core HNu = I ? ,  
OVA = 210 

4.0-6.2 Readings on 
core HNu = 14, 
OVA = 10 

7.0-8.3' Readings on 
core HNu = 0 0 ,  
OVA = 95 

9.5-11.6' R eadings 
on core HNu = 00,  
OVA = 95 

Readings i n  

augers HNu = 00 ,  
OVA = 320, Gastech 
= 5% L E L  

12.0-14 1' Readings 
on core HNu = 0 4, 
OVA = 92 

14.5-16.3 Rea dings 
on core HNu = 00 ,  
OVA = 55 
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L o c a t i o n  Rockv Flats Plant, Landfill Area B o r o k o l o /  W o l l  N o  65 - 87 (cont ‘d.) 
C o o r d i n r  to* Ground  S u r f r c o  E l o v r t l o n  

T o t a l  D o p t k  water L o v o l  E n c o u n t o r o d  

S t a t l c  

Orllllng Company  DfiIIOr 

Orto  Drilled H o l e o r  

Orilllng Mothod  Or1111n~ Cluld 

Loggod By Chor l tod  B Y  
Ooologlrt  8Ito Manamor 

C R A I P  Maromor 
Common18 

Srmpl.8 Col loc tod  or 
O t h o r  T o r t 8  C O r f O t m O d  / Lithologic Dorcr lpt lon  

7.0-9.5’ S A M P U  - Recovered 1 3 / 2  5’ = 52% 
7 0 - 7 1 ’  CLAY colors as noted above, - moderately cemented, very sand, poorly 
sorted sand. moist - 7 1 - 8 3 ’  SAND AND G R A V E L  pale 
yellowish brown (10  Y R  6 / 2 )  to dark 
yellowish brown (10 Y R  412). sand vary- - ing ( 2 0 - 1 5  0 to scattered 0 5 - 1 0  @), 
poorly sorted gravel ranging from 0 2 5  

.. m m  to 1 7 5  inm, weakly to lion-cemented 
very clayey at base, l ight  moist 

* -  
0 

ROCKY FLATS ALLUVIUM 1 
9.5-120’ SAMPLE, 
Recovered 2 112 5’ = 84% 
SAND moderate yellowish brown (10 
Y R  5/4) to varying light brown ( 5  Y R  
516) and ( 5  YR 614) to some mixed gray 
and light gray (N 6 / 0 ) ,  severely oxide 
stained. weakly to moderately cemented, 
sand ranging ( 2 0 - 1 5  0 w i t h  some scat- 
tered sand to 1 5 - 1  0 0). massive, slightly 
clayey to very clayey below 105’ ,  moist 

12 0-14 5’ SAMPLE, 
Recovered 2 I/? 5’ = 84% 
C L A Y E Y  SAND brown, continuing 
severely oxide stained, sand grading as 
above, moderatelv to weakly cemented, 
moist to very moist streak noted at 140’ I I 

17.0-19.2 Readings 
on core HNu = 0 0 ,  
O V A = 9 5  

’ 

19.5-22.0’ R eadings 
on core I-INu = 0 0 ,  
OVA = 8 8  

22.0-24.0’ R eadings 
on core HNu = 2 2 ,  
OVA = 38 

34 0-25.0 Readings 
on core H N u  = 00 ,  
OVA = 35 

’ 

25.0-26.0’ R eadings 
on core HNu = 00,  
O V A =  5 5  

Readings in 
augers HNu = 0 7 ,  
OVA = 750, Gastech 
= 103 LEL 
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~ o e a t i o n  Rock\ F l a t s  P l a n t .  L a n d f i l l  Area ~ o r o h o ~ o  W O I I  no 65-87 (cont'd.) 
C o o r d i n a l o r  G r o u n d  S u r f a c o  E l o v r t l o n  

T o t a l  O o p t h  W a t e r  L e v o 1  E n c o u n l o r o d  

S t O I l C  

Or l l l inQ  C o m p a n y  O r l l l o r  

0.10 Dr l l lod  H o l p o r  

Orl l l lns  Moth04  D r l l l l r #  F l u l d  

Loggod 81 c h @ 8 k @ d  BY 
Ooolo*lrt 8lto Yora)or 

C t A l l C  Mrro,or 
Commorta  

f7 0-19.5' SAM P a  
Recovered 2 212 5' = 88% 
CLAYEY SAND scattered gravel rang- 
ing to 2 7 5  mm, subrounded to subangular 
with few rounded gravel, poorly sorted 
sand, weakly cemented, moist to very 
moist below 180' 

19 5-22 0' SAMPLE 
Recovered 2 512 5' = 100% 
19 5-21 0' CLAYEY SAND small 
amounts of scattered gravel. numerous .- sandstone fragments, highly to meakly 
cemented, severely oxide stained fine- - -  grained sand. wet to saturated 

e 

7 

21 0-22 0' SANDSTONE very light gray .- ( N  8 / 0 )  to light gray ( N  7/0),  fine-grained 
sand ( 3  0-2 5 0) weakly cemented, poorly 

ID sorted, highly weathered, saturated 

S r m p I o r  C o l l o c t o a  or / O t h o r  tort r  ? o r t o r n o 4  Llthologlc Dorc r lp t lon  

-a 
t t 

t 
t 

14.5-1 7.0' SAMPLE, 
Recovered 1 8 / 2  5' = 72% 
CLAYEY SAND light brown ( 5  YR 5/6) 
to moderate brown, yellowish (10 Y R  
5/4), severely oxide stained, mtdiam- 
grained sand (3 0-2 5 0) to scattered ( 2  0- 
1 5  0). some subangular and subrounded i gravel, weakly cemented, moist 

P a g o  or 4 



L O G  
O F  

BOREHOLE  

~ o c a t r o n  Rock* Flats Plant, Landfill Area B o r r h o l r  W o l I  N o  65-87 (COnt'd.) 

c 0 0  r d i n  47 s G r o u n d  S u r t a c r  E l ~ v a t l o n  

t o t a l  D o p t h  W a t o r  L o v r l  E n c o u n t o r 0 0  

s t a t r e  

Orlillng C o m p a n y  0r111.r 

0 

a 

/ 
Llthologlc 0orc r lp t lon  

22.0-24.0' SAMPLF 
Recovered 2 012 0' = 100% 
SANDSTONE medium light gray (N 610) 
to varying brown of  moderate brown (5 
Y R  414) and pale yellowish brown (10 

r- Y R  6/2) ,  slightly clayey to very clayey 
.. streaks, fine-grained sand (3 0-2 5 8) to 

(2 0-1 5 0), massive. moderately oxide .- stained, weakly cemented, highly weath- 
ered, very moist 

24 0-25.0 * SAMPLE -- Recovered 1011 0' = 100% 
24 0-24 2' SANDSTONE same as above 

- =  24 2-25 0' SANDY CLAYSTONE oder- 
ate yellowish brown (10 YR 5/4 )  to light 
brown (5 Y R  614 and 5 Y R  516) to 
brownish gray (5 Y R  4 /1 )  to llght gray 
(N 7/01. medium plastic, moderately ce- 
mented, blocky, moist 

~m 25.0-26.0' SAM PLE, 
Recovered 1 Oil 0' = 100% 

-.) SANDY CLAYSTONE color as stated 
above. medium plastic, moderately cc- .., mented. moist 

a. 26 0-27.0' SAMPLE, 
Ce 11 ter b t t used 

TOTAL DEPTH 270'  

Samples  Colleetod  or / Olhor  T o r t s  Por to rmod  



L O G  
OF 

B O R E H O L E  

- L o c a t i o n  liockv F l a t s  P l a n t .  L a n d f i l l  Area B o r o h o l o  W o l l  N o  

C o o r d i n a t o r  N 39170.27 E 20226.02 G r o u n d  S u r t r c o  E l o v a t i o n  5981.90 ’  
Tot81 O o p t h  W a t o r  L o v o l  C n c o u n t o r o d  1 5 - 5 ’  

S t a t i c  8 9 0’  (4/11/88) 
Orll l ing C o m p a n y  -. D r i i l o r  T. Hiuh 
D a t o  O r i l l o d  November 7’3. 1987 H o l p o r  B. K v n e v  

Orllllng Method  Hnllnw <Fern &pr Drllllng F l u 1 4  Jone 
Lo99.d BY R. Tre at C h o c k 0 4  D y  

Go 010 gl8t S i l o  Uaragor 

CLARC Mrrraor  
Cornmontr 

e 

amp108 Col loc to4  or 
L i t h o l o g i c  D o r e r l p t l o n  hor  T o r t 8  Po r fo rmo4  

9 0-2.0’ SAMPLE, 
OVA Background = Recovered 0 412 0’ = 20% 

gravel and scattered cobbles, weakly 
cemented, poorly sorted, light moist 

ROCKY FLATS ALLUVIUM 

No readings above 

2.0-4.0 SAMPLE;, 

20-25 ’  SANDY CLAY AND GRAVEL 
Recovered 1 8 / 2 0  = 90% 

grayish brown (5  YR 3/2) with 15-1 0 0 
sand, gravel of subangular and angular 
with some subrounded to 3 25 mm, weakly 
cemented, moist 

brown (5 YR 6/4) with (1 5-1 0 0) size 
sand and  medium brown (5 YR 4/41 
gravel ranging 0 2 5  mm to 2 7 5  mm with 
some cobbles, weakly cernentcd, light 

2 5 - 3 8 ’  SAND AND GRAVEL light 
- 

4 0-7.0’ SAMPLE, 
Recovered 0 7/3 0 = 23% - 15 SAND AND GRAVEL same as above 
with several small cobbles 

7.0-9 5’ SAMPLE, 
Recovered 0 0 / 2 5  = 0% .- Cuttings Indicating a sand with gravel 
and  slightly clayey to clayey, moist 

9.5’-10 0’ Center bit drill 
- 



L O G  
O F  

BOREHOLE 

L o c a t 1 on Rockv Flats Plant. L a n d f i l l  Area B o r o h o l o /  w o l l  N O  66-87 (cont'd.) 
C o o r d i n a t o r  Ground  S u r f a c o  E l o v a t i o n  

t o t a l  D o p t h  W a t e r  L o v o l  E n c o u n t o r o d  

s t a t i c  

Drllllng Company  Dr l l lo r  

Oat. Dr i l lod  noipor  
Orllllng M o t h o d  Dr l l l l na  f lu id  

Logged By  Chookod BY 
Ooologlat Sit. Manreor 

C t A R P  Maramor 
Commonta 

e 

/ f 

L l t h o l o g l e  Dorcr lp t lon  

I 

10.0- 12.0' SAMPLE, - Recovered 2 0/2  0' = 100% 
S A N D  moderate brown ( 5  YR 4 /4 )  to 

- =  light brown ( 5  YR 6/4)  to some noticed 
light brownish gray (5 YR 6/1h veiv 
clayey with some scattered gravel. sand 

1 
t 

ranging ( 3  0-2 5 0) with scattered sand 
( 1  0- 0 5 0). gravel consistiiig of 0 75 mm 
to scattered 2 5 0  mm subrounded 
subangular. weakly to moderatelv ce- 
mented moist 

-D 

- g  12.0-1.1.5' SAPULPT& 
Recovered 2 S I 2  5 = 100% 

. S A N D  light brown (5  YR 5/6) and (5  YR 
6/4) ,  sand ranging ( 2 5 - 2 0  0) and ( 2 0 - 1 5  .. 0) to ( 1  5-1 0 0) slightly clayey with some 
gravel, 3 0 0  mm gravel subangular, 

- =  subrounded, moist to very moist 

-- 14.5-17.0' SAMPI F, 
Recovered 2 5 / 2  5 = 100% 
145-158'  S A N D  moderate brown (5  YR 
4/4) with sand (2  5-2 0 0), gravel 1 5 0  mm 
to 2 5 5  mm, clayey with scattered gravel, 
weakly cemented. very moist to wet at 
15 5-15 7' 
15 8-16 8' SANDY CLAY pale yellowis11 
brown (10  YR 6 /2 )  to brownish gray (5 .- Y R  J / 1 )  sand ( 3  0-2 5 0). poorly sorted, 
moderately cemented, moist -- 16 8-17 0' SAND moderate yellowish 
browii (10 YR 5/4) sand ranging ( 1 5 - 1 0  -- 0) with some scattered larger particles, 
moist to very moist 

'lm 

- -  
--  

t 
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L o c a t i o n  Rockv Flats P l a n t ,  Landfill Area B o r o h o i r  W O I I  N O  66-87 (cont’d.) 
C o o r d i n . t e r  G r o u n d  S u r f o c r  E l o v a t l o n  

T o t a l  O o p t k  W o t o r  L o v r l  E n c o u n t r r o d  
0 

Orll l lng  C o m p a n y  

011. 0f111@d 

Orllllng Yethoc) 

Logg.4 B y  
O.ol0gl.t 

s t a t i c  

D r l l l o r  

H o l p o r  

Or l l l lng  f lu ld  

Comments 

/Other t e s t .  Corrormec) 

4 

m 

.. 
c 

- 
-- 

I 

17.0-18.0’ S A M P m  
Recovered 1 0 / 1 0  = 100% 
17 0-17 8’ SAND pale yellowtsh brown 
(10 Y R  6/2), fine-grained sand ( 3 0 - 2 5  0) 
slightly clayey, nou-cemented, poorly 
sorted, wet t + ARAPA HOE FO RMATION -. 
17 8-18’ CLAY5TONE moderate yellow- - ish brown (LO Y R  5/4) to moderate brown 
(5 Y R  4/4), severely oxide stained, f ine-  .. grained sand (35-30 0). moderately 
cemented, low plastic, weathered, very .. moist to moist 

-- 18.0-19.0’ SAb IPLE, 
Recovered 2 3 / 1 0  = 230% 

a m  SANDY CLAYSTONE light brown ( 5  YR 
5/6) to moderate brown (5 Y R  4/41. f lne  
grained sand ( 3  5-3 0 0) some noted light 
brownish gray (5 YR 6/1). medium y h s -  
tic blockv and somewhat lnvered 
severely oxide s ta ined  weathered 1 eri 

moist to moist at IS 5 

-D 

- m  19.0-20.0 S A M P W  
., Recovered 10/10 = 100% 

SANDY CLAYSTONE colors as noted i n  - -  previous runs, fine-grained sand, blocky, 
medium plastic. remaining severely oxide -- stained, weathered, moist 

T 
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L o  c a t i o n  Rockv Flats Plant, Landfill Area 8 o r r h o i o  W e l l  No 66-87 (cont'd ) 

C o o r d i p r l a r  G r o u n d  S u r f a c e  E i r v a t l o n  

T o t a l  D o p t h  W a t r r  L e v e l  E n c o u n t o r ~ d  

s t r t rc  

D r i l l i n g  C o m p a n y  D r l l l o r  

O a t .  Drl l lod H o l p o r  

O r l l l l n g  Yothod  D r l l l l n @  f l u l d  

Lo##od O y  
O.olo@lrt 

C o m m o r t r  

/ 
Llthologlc D o r c r l p t l o n  

a 

Recovered 1 O/f 0 = 100% 
S A N D Y  C L A Y S T O N E  as noted in previ- 
ous runs. moderately cemented, highly 
weathered, moist 

21.0-22.0' SAMPLE, 
Recovered 1311 0 = 130% 
SANDY CLAYSTONE light brown (5 Y R  
6/4)  to pale yellowish brown (10 YR 6 / 2 )  
to light gray ( N  7 / 0 )  streaked, slightly 
sandy, fine-grained sand (3 5-3 0 0). 
moderately cemented, highly weathered, 
highly plastic, moist 

27.0- 
Recovered 1 2 / 1 0 '  = 120% 
C L A Y S T O N E  slightly sandy, medium i f  
not highlv plastic, moderately cemented, 
blocky, highly weathered, moist i 

T O T A L  D E P T H  230'  t I tl. 
~ a g o  4 o f  4 
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- L o c  r t l o n  Rockv Flats Plant, Landfill Area B o r o h o l o ~ W o l l  N o  67 87 
C o o r d i n a t o r  Jl An187 7 8  E 7 ~ 7 ~ - 7 9  G r o u n d  S u r f r c o  L I o v a t l o n  5969 .50' 
t o t a l  D o p t h  7 1  -Ltn' W a t o r  L o v o l  E n c o u n t o r o d  1 7 . 1 '  

Drill ing Company  Boyles Bros. ~ r l l l o r  S Bradfield 
D a t a  Dfl l lod December 3, 1987 Holpor  P Mesa 
Drilling Yothod Hollow Stem Auger DrIl l ln@ f l u id  None 
Lo9Q.d BY J. Bacchus Ghockod By 

S t a t i c  7 . 6 8 '  (4111188) 

O.olo@lmt alto  Yaraaor 

CtAllP Mara@or 
Cornmonta 

Fi%%n Pg-2.0' SAMPLE, 
---- ---- Recovered 0 5/2 0' = 25% 

CLAY dark yellowish brown (10 YR 
4/2), slight HC1 reaction; sandy, large 
subrounded pebbles, moist 

- 5  2.0-4.0' SAMPJ.F- 
Recovered 1 1/20'  = 55% 
20-27 CLAY dark reddish brown (10 R 
3/4), contains coarse-grained sand and 
large pebbles, no HCl reaction, moist 
2 7-3 1' SAND moderate orange pink (10 
R 7/4), fine to coarse-grained, large an- 
gular pebbles, no HCl reaction 

10 4.0-6.0' SAMPkE, 
Recovered 16/2 0' = 80% 
40-48' CLAYEY SAND reddish brown 
(10 R 6/4), angular pebbles, no HCl reac- 
tion, slightly moist 
48-56' SAND moderate orange pink (10 
R 7/4), no HCl reaction, angular- cobbles 
and pebbles, dry 

AMPLE, 
Recovered 0 9/2 0' = 45% 
SILTY SAND grayish pink (5 R 8/2), 15 

small 
dry 

angular pe b bles, no HCl reaction, 

I 

S i m p t o r  Colloctod or / O t h o r  t o r t r  Cor fo rmod  

HNu background = 
0 4  
OVA background = 
0 0  
Ludlum background 
1 0  

BO-2.0' HNu 20, 
OVA 0 4  

20-3.1' HNu 0 3, 
OVA 0 4  

4.0-5.6' HNu 0 8, 
OVA 2 0  

60-8.0' HNu 06,  
Ludlum 0 

8.0-9.6' HNu 0 4 

OVA background* 
12 

14.1-16.1' HNu. 0, 
OVA 1 2  

J6.1-17.0' HNu 0, 
OVA 1 0  

17.8- 18.8 ' HNu 0, 
OVA 1 0  

18.8-19.8' HNu 0 2, 
OVA 0 8  

P a g o  O f  3 



L O G  
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L o c a t i o *  &&\ Flats Plant. La ndfill Area B o r o k o l o ~  W 011 No - 
C o o r d i n a t o r  N 40163.59 E 20680.82 G r o u n d  S u r f a c o  Elovat lon  5968.48' 
T o t a l  Dopth 20.0' W i t o r  L o v o l  E n c o u n t o r o d  JJ.15'  

Static a 6 .  
Drll l ing Company  Bovles Bros. DrIIIor S. Bradfield 
Dato Drl l lod December I. 1987 Holpor  P, W R ?  

Drllllng Yothod &J&J S t e m  u t  D r l J J l n g  Flu14 4 
Lo@@.d BY J. b h u s  C h o c k 0 4  I y  

O O O l O @ J r t  atto Yaraaor  

CLARP Y a r a @ o r  
Commonts 

LltholoQic D o r c r l e t l o n  

CKY FLATS ALLUVIUM 

Samelor C o l l o r t o l  or 
/Othor t o r t s  Portormod 

0.0-2.0' SAMPLE, 
Recovered 1 8 t 2  0' = 90% 
0 0-1 1' GRAVEL dark yellowish brown 
(10 YR 4 /2 )  and dusky brown (10 YR 
2/2), clay,  silt. and sand, gravel is angular 
to subrounded. caliche, moist 
11-1 8' C L A Y  moderate reddish brown 
(10 YR 4/6) with dark yellowish brown 
(10 YR 4/2) ,  contains roots, angular peb- 
bles, slight HC1 reaction, dense, moist 

-t P 
Recovered 0 812 0' = 40% 
CLAY same as above except no HC1 reac- 
tion and more sandy 

AMP= 
Recovered 0 712 0' = 35% 
C L A Y  same as  above except dry 

Recovered 0 8 / 2  0' = 405 
SAND light brown (5 YR 5/6), coarse, 
angular, pebbles and silt ,  no HCI reaction, 
dry, moist in shoe 

Total  depth measured 7 8 '  
Ad j us t de p t 11 

- 15 

20 - 

7 8-9 8 ' SAMPLE 
Recovered 1 3 / 2  0' = 65% 
SAND same as above except chunks of 
bedrock, moist to very moist at the 
bottom of the run 

HNu background - 
0 2  
OVA background = 
1 4 - 1  8 
Ludlum background 
= o  

Q.O-1.8' HNu 0, 
OVA 1 7  

3 - 2 . 8 '  HNu 2 1, 
O V A  1 5  

4.0-4.7' HNu 0, 
OVA 14 

6.0-6.8' HNu 0 4, 
OVA 0 1  

28-9.1' HNu 0 2, 
OVA 1 8  

9.8-11.8' HNU 0, 
O V A  7 0  

12.0-13.0' HNu 0, 
OVA 1 0  

14.0-15.8' HNu 0, 
OVA 1 2  

15.9-16.9' HNu 0, 
O V A  0 8  

16.9-18.5' HNu 0, 
OVA 0 8  



L O G  
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BOREHOLE 

L o c at  io 0 Rocky Flats Plant. Landfill Area l o r o h o l o  W O I I  N O  67-87 (cont’d.) 
C o o r d i n r l o r  G r o u n d  S u r f a t o  E l o v a t l O n  

t o t a l  D o p t h  W a t o r  ~ o v o l  E n c o u n t o r o d  

Drllling C o m p a n y  Dr l l lo r  

Oat .  Drlllod H o l p o r  

Drllllng Y o t h o d  Drll l lng Fluld 

S t a t l e  

L o g g o d  By Chookod By 
Oooloalrt SIto  Managor 

ClARP Maromor 
Commontr 

2- Recovered 16/2  0’ = 80% 
8 0-9 1’ SAND moderate yellowish brown - -  (10 YR 5/4), coarse-grained to fine- 
grained, angular pebbles, no HC1 reaction, -- moist. 
9 1-96’ CLAY pale olive (10 Y 6/21, .- dense; slightly sandy, no HC1 reaction, 
slightly moist 

J0.0-12.0 SAMPLE, 
- 
-. Recovered 2 0/2 0’ = 100% 

10 0-1 1 5’ CLAY same as above except 
pockets of  caliche and slight oxidation, 
moist 
11 5-120’ CLAY moderate reddish 
orange (10 R 6/6), slightly more sandy 
then upper clay, moist 

.. 
-- 
D 

Total depth measured a t  12 1’ 
Adjust depth. 

- 12.1- 14.1’ SAMPLE. 
Recovered 22/20’ = 110% -- SAND pale olive (10 Y 6/2) stained mod- 
erate yellowish brown (10 YR 5/4), some .- clay, wet 

.- 14.1-16.1’ SAM P1.E 
Recovered 13/20’ = 65% 
SAND light bluish gray (5 B 7/1), stained 
with dark yellowish orange (10 YR 6/6), 
coarse-grained sand, high amount of clay, 
slightly moist 

-- 
-- 

1 6 . 1 - 1 7 . 1 ’ S A w  -- Recovered 0.9/10’ = 90% 
16 1-16 4’ SAND same as above 

Sarnglor Col loc tod  or / Othor  t o r t r  Corformoa 
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Location Rockv Flats Plant: Landfill Area l o r o h o l o  W o l l  N O  67-87 (cont'd.) 
~ o o r d i n i t o r  G r o u n d  S u r f m c o  E l r r a t l o n  

T o t a l  D o p t h  W a t o r  L o v o l  E n c o u n t o r o d  

Static 

Drllllng C o m p a n y  Dr I I Io r  

Omto DtlI lOd H o l o o r  

Orlll lng M o t h 0 4  D r l l l l n a  Flu14 

Commonto 

t 

i 

t 

/ L l tho log lc  O o r c r l ~ t l o n  

ARAPAHOE FORMATION 

164-170'  CLAYSTONE light gray (N 
7/0), coal, dense, moist 

Total depth measured 17 8' 
Adjust depth 

17.8- 18.8' SAM PL& 
Recovered 1 8/1 0' = 180% 
CLAYSTONE same as above except 
stained with light brown (5 YR 5/61. 
blocky structure, moist to dry 

18.8-19.8' SAMPLE 
Recovered 0 4/1 0' = 40% 
CLAYSTONE. same as above 

19.8-2 1 3' SAMPLE, 
Recovered 2 2/1 5' = 147% 
CLAYSTONE same as above 

TOTAL DEPTH 21 4' 

S r m ) l o r  C o l l o c t o d  or / Othor  Tortr  C o r f o r n . 4  



L O G  
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B O R E H O L E  

L o c a t i o o  Rocky F l a t s  Plant, L a n d f i l l  Area B o r ~ h o l O ,  W OII  N O  - 
C o o r d i n a t o r  N 39588.09 E 21098.29 G r o u n d  S u r f a c o  E l o v a t l o n  59h6.30‘ 
T o t a l  O o p t h  17.0’ W a t o r  L o v o l  E n c o u n t o r o d  None 

Orllling C o m p a n y  0r111.r S .  B r a d f i e l d  
0110 Orlllod December 14, 1987 Holpor  R. P a r k e r  
Drllllns Yothod  Hollow Stem Auner D r l l l l n s  Clu ld  1 
LOS9.d BY R .  T r e a t  Chockod DY 

a 
s t a t i c  7 . 4 0 ’  (4/11/88) 

Qoologlat SI to  Manasor 

CtARP Yaaesor 

0 

Commonta 

r m ~ h a  Colloctod or 
h o r  t o r t a  P o r f o r n o d  Llthologlc  0 o ~ c r l p t l o s  

I 
- 0  

Q.0-2.0’ SAMPLE, 
Recovered 0 9 / 2  0’ = 45% 
C L A Y E Y  G R A V E L  dusky brown (5 YR 
2/21 to moderate brown (5 Y R  4/41, 
slightly sandy, cobbles, gravel 0 2 5  mm to 
225  mm. angular and subangular, 
moderately cemented, dense, moist - 5  

10 

15 

2.0-4.0’ SAW 
Recovered 1 812 0’ = 90% 

moderate brown (5 YR 414)’ f ine  and 
medium-grained sand ranging (2 5-2 0 0) 
up to ( 0 0 - 0 5  0) with 1 2 5  mm gravel, 
angular and subangular, scattered gravel, 
moderately cemented, poorly sorted, 
moist 

brown (5 Y R  6/4)  to varying pale yellow- 
ish brown (10 YR 6/2) ,  sand ranging ( 3 0 -  
2 5  0) to ( 0 5 - 0 0  0). scattered gravel 
rangiiig 0 2 5  mm to 1 7 5  mm, gravel 
angular and subangular and few sub- 
rouuded, poorly sorted, weakly cemented, 
light moist 

2 0-2 8’ S A N D Y  C L A Y E Y  G R A V E L  

2 8 - 3 8 ’  SAND A N D  G R A V E L  light 

4 0-6.0’ SAMPLE 
Recorded 0 812 0’ = 40s0 
G R A V E L L Y  SAND light brown (5 Y R  
6/4) to varying moderate brown (5 YR 
414). sand ( 3 0 - 2 5  0) to (00-05  01, 1 2 5  
mm scattered gravel subangular. sub- 
rounded, and angular. poorly sorted, t t t  weakly cemented, light moist 

HNU Background=lO 
O V A  BackgroundmO 2 
Ludlum Back- 
gr oun d=O 

No readings above 
background 



LOG 
OF 

BOREHOLE 

Location Rocky Flats Plant: Landfill Area 6oroholo /Wol l  No. 68-87 (cont'd*) 
Coordinator Ground Suriaeo ElOVatlOn 
tot81 009th Wator ~ o v o l  Entountorod 

Drllllng Company Dr l l lor  

Oat. Orlllod Holpor 

Drllllng Mothod Orllllng Cluld 
Loggod l y  

St8tlC 

Choekod my 
aOOlOgl8t Slto M8nag.r 

C E A R C  Managor 
Commortr 

/ 
Lithologic Dor t r le t lon  

f Recovered 1 2 / 1 0 '  = 120% 
CLAYSTONE light olive gray (5 Y 512). 
stained w i t h  dark yellowish orange (10 
YR 6/6) and light brown (5 YR 5/6), 
blocky structure, coal, moist 

Recovered 1 61 2 0' = 80% 
CLAYSTONE same as above 

Total depth measured 190' 
Adjust depth 

Recovered 1511 0' = 150% 
CLAYSTONE same as above but s l~ght lv  
sandy, moisl 

f 
f 

TOTAL DEPTH 20 0' 

S8melor COllOttOd or / Other T o r t 8  Porformod 



LOG 
OF 

BOREHOLE 

Locat ion Rocky Flats Plant: Landf 111 Area Eoroholo/Woll  No  68-87 (cont'd*) a 

0 

Coordlnat.8 Ground Surtato  Elovat lon 

Tota l  Oopth Wator  L o v o l  Eneountorod 

S t a t l t  

Orllllng Company Ortl lor  

0.10 Orlllod Holpor 

Orilllng Mothod Orllllng Flu ld  
Loggod B y  

Goologlmt 
C h o c k o d  B y  

Sit. Managor  

CEARP Managor  

Commontm 

/ 
Lit hologk 0 08crlptlon 

9.8-11.8' SAMPLE, - Recovered 2 212 0' = 110% 
9 8-10 OS' SAND same as above - 10 05-11 15' SANDY CLAY pale olive (10 
Y 6/2) stained w i t h  light brown ( 5  YR - 516). mica, coal, quartzite. no HCI 
reaction, moist - 11 5-11 8' SAND dark velloaish orange 
(10 Y R  6/61 coarse aneulai quartzite 
cobbles wild  graiiis are t e r c  iiieulnr . feldspar wet  

Total depth measured 120' 
Adjusl depth 

12.0-14.09  SA^ IPI ~E, 
Recovered 1012  0' = 50% 
SAND same as above 

t 
14.0-16.0' SAMPLE, 
Recovered 1 812 0' = 90% 
14 0-15 3' SAND same as above 

ARAPAHOE FORMAT ION 

153-155 '  SANDSTONE light gray (N 
' 7 / 0 ) ,  some clay, subangular, clean sand, 

moist to wet 
155-158 '  CLAYSTONE l ight  gray (N 

I 7 /0 )  stained w i t h  dark yellowish orange 
(10 YR 6 / 6 ) .  blocky structure, slightly 

' moist to dry 

t Adjust depth 
Total depth measured 159' 

t 

Sampl.8 Co l loc tod  or 
Othor  Test8 Portormod / 
19.0-2O.Q: HNu 0: 
OVA 0 4  

P.90 O f 3  



L O G  
O F  

BOREHOLE 

Q) t o c a t i o n  Rockv Flats Plant, Landfill Area 

C o o r d i n a t o r  N 40339.90 E 20991.74 
Tot81 Dopth  1 8 . 5 '  

Drllllng C o m p a n y  Bovles Bros. 
0.10 DIIIIOd December 10, 1 9 8 7  
Orilllns Yothod 

Lo99.d BY J. Bacchus 
Holl ow Stem Auaer 

Goologlat 

$orrholr W o l l  No 71-87 
Ground S u r f r c o  C l r v r t l o n  5963.39' 
w i t o r  L O V O I  C n c o u n t r r o d  5 . 0 '  

0rli l .r  S.  Bradfield 
nr lpo r  K. Parker 
D r l l I I n ~  Fluld None 

Choekod my 

S t 8 t i C  4.62 ' (4 /11/88 ) 

alto  Maramor 

CRAllC Maragor 
Commorta 

U 

CKY FLATS ALLUVIUM 

9.0-2.0' SAMPLE 
Recovered 0 6/2.0' - 30% 
SOIL. 
angular pebbles; sand, caliche, moist 

Recovered 1 1/2.0' - 55% 
CLAYEY SAND yellowish gray (5 Y 
7/2), high amount of caliche, angular 
pebbles of quartzite and igneous rock, 
contains chunks of clay bedrock, slightly 
moist to dry 

grayish brown (5 YR 3/2), roots, 

2.0-4.0' SAMP1.E 
- 5  

4.0-5.0' SAMPI .E 
Recovered 0 6/1 0' = 60% 
CLAYEY SAND same as above except 
less clay and much more caliche - 10 
5.0-7.0' SAMPLF, 
No recovery, drilled with center bit 

Total depth measured 65' 
Adjust depth 

65-85'  S A W J &  
Recovered 15/20 '  = 75% 
CLAYEY SILTY SAND dark yellowish 
orange (10 YR 6/6), clasts of quartzite, 
no HC1 reaction, wet on top of the run, 
very moist 

Total depth measured 90'  
Adjust depth 

- 15 

SrmCI.8 C0ll.ct.d or / Othor t o r t s  Cortornod 

OVA background4 7 
HNu background=O 4 
No readings above 
background 



LOG 
OF - 

BOREHOLE - 

J m  10.0' S A M P E  
Recovered 0 012 0' = 0% -. Cuttings indicate clayey sand with some -. gravels 

10.0-1?.0' SAMPLE, 
Recovered 0 01412 0 = 0 12% 

measuring 4 25 mm, subrounded 

m - 1 4 . 0 '  SAMPLE, - -  Recovered 2 012 0 = 100% 
12 0-13 5' CLAYEY SAND moderate -- brown (5 YR 4 / 4 )  to varying light brown 
o f  (5 YR 5/6) to (5 YR 6/4) sand, fine- _- grained (30 -2  5 0) and ( 2 5 - 2 0  @), poorly 
sorted, weakly cemented, moist 

-- Sample retained as a large size gravel 

- 

-- 
.. A R A PA 13 OE FORMATION 

-- 135-140'  CLAYEY SANDSTONE pale 
yellowish brown (10 YR 6 / 2 )  to dark -- yellowish orange (10 YR 6 / 6 )  to light 
gray (N 7 /0 )  streaked, graln size ( 2 5 - 2 0  -- 0). subrounded and rounded, severely 
oxide stained, massive, poorly sorted -- highly weathered, moist 

Locatlon Rockv F l a t s  P u :  T . a n d f i l l  Area Boroholo/Woll No. - lrnnt'rl 1 

Coordin8tos Ground surtaco Elovation 

Total Dopth Wator Lovol  Eneountorod 

Drllllng Company Dri l lor 

Holeor Date Drlllod 

Drilling Yothod Drilling Fluld 

Statlc 

Loggod By 
Goologlst 

Chockod By 
Sit0 Managor 

CEARP Managor 
C ommonts 

/ 
Lltholoalc Doscrlptlon 

+ I  

+ 

8.0' SAMPLE, - Recovered 0 712 0' = 35% 
SAND light Iyrown ( 5  YR 6/4)  rand rang- - ing ( 2 5 - 2 0  0) to ( 0 5 - 1 0  0). scattered 
gravel 0 2 5  mm to 3 5 0  mm. angular and - subangular, poorly sorted, weaklv . cemented, light, moist 

SamPlOS Colloctod or 
Othor Tor ts  Portormod / 



LOG 
O F  

BOREHOLE - 

Location Rockv Flats p w  Area Boroholo/ W 011 Ho. - ( , -pac ta  

Coordlna to8 Ground Surface Elovatlon 

Total Dopth W a t o r  L o v o l  Encountorod 

Orllllng Company DrIIIor 

Oat. Drlllod Holpor 

Orllllng Mothod Dr l l l lng  F lu ld  
Loggod By 

Static 

C h o c k o d  6 y  
Goologlet Slto Manaaer  

C t A R C  Yana@or 
Commonta 

/ / 

Llthologlc Doacr lpt lon 

14.0 - 16.0’ SAMPLE, 
* -  

-- Recovered 2 012 0’ = 100% 
CLAYEY SANDSTONE varying brown 
and gray as noted i n  previous run, con- 
tinued severely oxide stained, fine- 
grained sand (2 5-2 0 0), masslve, 

. moderately cemented, moist 

-- 16.0-17 0 SAMPLE 
Recovered 1011 0’ = 100% .. S A N D Y  CLAYSTONE medium dark gray 
(N 4/0), slightly weathered, fine-grained - -  sands. massive. low plastic. blockv mod- 
erately cemented. w i t h  thin oxide ( F e )  - -  streaks noted, moist 

-. TOTAL DEPTH 1 7 0 ’  

t 

S i m p l o r  Co l loctod  or 
Othor Toat r  Por rormod / 



L O G  
O F  

B O R E H O L E  

L o c a t i o n  Rockv Flats  P l a n t ,  L a n d f i l l  
~ o o r d i n r t o u  N 3 9 4 5 9  12 E 2 0 8 5 5 . 2 4  
T o t a l  Dopth  15.0'  

Orllllng Company  Boyles Bros. 
Oat0 01111Od December 16.  1987 
Orllllng uothod Hollow Stem A u g e r  
fO9a.d By R. T r e a t  

Qoologlrt 

- Area I)Of.holO/ W o l l  N O  77 87 
G r o u n d  S u r f a c o  E l o r r t l o n  5969 .11' 
W a t o r  L o v o l  C n c o u n t o r o d  6.0 '  

0rll l .r  S. B r a d f l e l d  
~~l~~~ K. P a r k e r  

ori l l ins r lu id  None 

C h o r k o d  BY 

' (4 /11/88 ) S t a t i c  2 . 1 3  

SIto Manamor 

C t A l l C  Maragor 
Commorta 

ROCKY FLATS &LUVIUM 

9.0-2.0' SAMPLE 
Recovered I 8 1 2  0' = 90% 

brown (5 Y R  2/2), scattered cobbles, sub- 
angular and subrounded gravel w i t h  
numerous roots, moderately cemented, 

5 0 3-1 8' SAND AND G R A V E L  gravish 
orange (10 Y R  7 / 4 )  to some dark yellow- 
ish orange (10 Y R  6/6) ,  sand (2 5-2 0 0) to 
scattered ( 1 0 - 0 5  0). gravel ranging from 
1 2 5  mm to 2 7 5  mm, subangular and 
subrounded, very calcareous, weakly 
cemented, moist 

00-03'  CLAY AND G R A V E L  dusky 

- 

- 10 
SAND AND GRAVEL very pale orange 
(10 Y R  812) to some dark yellowish 
orange (10 Y R  6 /6 )  to light brown (5 Y R  
5/6) ,  sand ranging ( 2 5 - 2 0  0) to scattered 
(0 5-0 0 0). gravel ranging 0 25 mm to 2 25 
mm, subangular, subrounded, and few 
rounded, weaklv cemented, poorly sorted, 
very calcareous, moist 

3.5-4 0' Center bit drill - 15 
4.0-6 0' SAMPLE 
Recovered 1 0 / 2  0' = 50% 
SAND WITH SCATTERED G R A V E L  
color as stated above, sand ranging ( 3 0 -  
2 5  0) to scattered (10-05  0), gravel 1 0 0  

- 20 

S r m ~ l o a  Col loctoa or 
Othor t o 8 t s  Corfornrod / 

HNu Background=O 6 
OVA Backgroundi l2  
Ludlum Back- 
ground=O 

Pg-1.8' Readings on 
core IiNu = 5 4 ,  
OVA = 4 2  

Direct hit 
sample 72870000DH 

2.0-3.0' Rea dings on 
core HNu = 0 0 ,  
O V A = 1 4  

2.0-3.0' Direct h i t  
sample 72870002DH 

4.0-5.0' Readings oa 
core HNu = 1 5 ,  
OVA -- 0 0  

4.0-5.0' D irect h i t /  
upper contact sample. 
7287000JUC 

6.0-8.0' Water 
t a ble/con t ac t sample 
72870006WT 

8.0-10.0' B edrock 
sample 72870008BR 



LOG 
OF 

BOREHOLE 

,  ti^^ Rocky Flats P l a n t ;  Landfill Area Boroho 

I Coordlnatos Ground 

t o t a l  Dopth W a t o r  

Drllllng Company Dri l lor 
D a t ~  Dril lod 

Drllllng Mothod 

Loggod By 
Qoologist 

Holpor 

Drllllng F lu id  

C h o c k o d  B y  
Sit. Managor  

CEARP Y8nag.r 
Commonts 

/ 
Lithologic Doscr lpt lon 

-- 9.0- 1 1.0’ SAMPLE 
Recovered 1 6 / 2 0 ’  = 80% 
90-102’ SANDY CLAY dark yellowish - orange (10 YR 6/6), large angular 
pebbles; small angular cobbles, no HCl 
reaction, moist to wet. 

._ 102-106’ SANDY CLAY light gray (N  
7 / 0 )  stained with dark yellowish orange -- (10 YR 6/6), fine-grained sand, moderate 
HCl reaction. moist -. 

1 1 .O- 1 3.0’ SAMP1.E -- 
--  above 

-- 

Recovered 1 6 /2  0’ - 80% 
1 1  0-11 4‘ SANDY CLAY same as 

11 4-13 0’ SANDY CLAY light gray (N 
7 / 0 ) ,  stained with dark yellowish orange 
(10 YR 6/6), angular pebbles of feldspar 
and quartzite, moist to wet 

Recovered 1 1/2 0’ = 55% 
130-13 5’ SANDY CLAY same as 
above rsAMpLE (10 YR 6/6), dense, moist 

- 
13 5-14 1’ CLAYSTONE light gray (N 
7 / 0 ) ,  stained with dark yellowish orange 

15.0- 17.0’ SAMP1.E 
Recovered 1 1/2.0’ = 55% 
CLAYSTONE. same as above except 
contains coal, slightly moist 

I 1 

Samplor Co i loctod  or 
Othor T o s t r  Por formod / 



LOG 
OF 

BOREHOLE 

~ ~ ~ ~ t l ~ , ,  Rocky Flats P l a n t ,  Landfill Area e 

, e  

* 

Boroholo/Woll No. 71-87 (cont'd*) 
Coordlnatom Ground Surtaeo Elovatlon 

Total Oopth Wator L o v o l  Encountorod 

Drllllng Comeany Orl l lor  

0.10 Drlllod Holpor 

Drllllng Yothod Drllllng f luld 

St8tlC 

Loggod I l y  
Goologlmt 

Comnontr 

/ 
Llthologlt  Dorcrlptlon 

t 

i 
f 
t 

Simplom Colloctod or 
Othor T o r t @  Porformod / 

Pae. 3 ot  3 
~ 



LOG 
O F  - 

BOREHOLE 

Locatlon d l  Area Boroholo/  W 011 No. 72-87 (cont ' d .  > 
Coordinatos Ground S u r f a c o  E lovat ion 
Total Dopth W a t o r  L o v o l  Encountorod  

Drilling Company DrIIIor 

Oat0 Orillod Holpor 

Drllllng Mothod Drl l l lng F lu ld  

' 0  
Static  

Chockod  By 
Sit. Managor  

CEARP Manasor  
Commonts 

Llthologlc D o s t r i g t i o n  
Samplos Co l loctod  or / Othor t o s t s  Portormod 

/ 
I 

&@8.0' SAMPLE 
Recovered 2 012 0' = 100% 
6 0-6 5' SAND AND SCATTERED 
GRAVELS light brown (5 Y R  5 /6 )  to 
moderate brown (5 Y R  4/4) sand ( 2 5 - 2 0  
0) and (1 5-1 0 0). rounded, non-cemented 
poorly sorted. wet at 6 0' 

6 5-8 0' CLAYEY SANDSTONE varying 
light brown ( 5  Y R  516) and ( 5  Y R  614) to 
moderate brown (5 Y R  4/4) w i t h  pale 
yellowish brown ( 10  Y R  6/2),  sand ( 3 0 -  
2 5 0), weakly to non-cemented, poorly 
sorted, moderately oxide (Fe)  stained, 
h i g h l y  weathered very moist to moist 

Recovered 2 012 0' = 100% 
CLAYEY SANDSTONE varving l ight  
brown ( 5  Y R  614) and (5 Y R  516). l ight  
browiiish gray ( S  Y R  6/1),  and brownish 
gray (5 Y R  411), fine-grained sand of 
(3 5-3 0 0) low to possible medium plastic, 
hardened small calcite fragments, moder- 
ately ceinented, poorly sorted, moderately 
oxide (Fe)  stained. highly weathered, 
moist 

10 0-1 2 0' SAMPLE 
Recovered 0 012 0' = 0% 

13.0' SAMP LF. 
Recovered 0 011 0' = 0% 

' Field 
screen readings 
HNU = 0 4 (1 5), 
OVA = 0 0  (00)  



L O G  
OF 

BOREHOLE 

Loeatlon Rockv F l a t s  P l a n t :  Landfill Area 
Coord ln i toe  

t o t a l  Dopth 

* 

Boroholo /Wol l  No. 72-87 (cont'd.) 
Ground Surfaco Elovat lon 

W i t o r  L o v o l  Eneountorod  

Stat le  

Drllllng Company 

0.10 Drlllod 

Drllllng Yothod 

Logged By 
Goologlet 

Dr1110r 

Holeor  

Orllllng Fluld 

Choeltod 6 y  
S i l o  Managor 

CEARC Yanagor  

Commonte 



LOG OF BOREtlOLE 

t 

OA nY/DATE$b,t$G~m~x /z - -  /9  90 
LOCAncrN Rocky Flafs Plant, hndf l l  Area 
COOROINATES m332 69 EK481 76 (RFP) 

BORFtlOLE/wr 1 I !IC) 0106089 
GROlJND SClRrACE ELLVATION 5953 3' 
WAlER LEVEL ENCOUNTERED 19 5' 

TOTAL DEPTH 27 5' 

DRILLING COMPANY Bodes Brothers 
OATE DRILLED 
DRILLING MElIlOD Hdlow Stem Auqer 
LOGGED BY R 1 Treat 

May 8 and 18. 1989 

STA IIC 20 19' f lO/13/89) 
DRIILFR K Patker HELPER A M a y  

CY IECKED 
DRILLING KU~~-NOIW 

BY 
SITE MANAGLR 

CEARP MANAGER 
COMMENTS Dry Ice was placed down hdlow stem ouqer starting at 9 5' to neulroltze the methone qases 

encountered down hde 

ARTIFICIAL FIL4 

0 -1 5' SAMPLE, 
-5' = 80%. 
CLAYEY GRAVEL: light brown (5 YR 5/61, grayish 
brow, (5 YR 3/2) and moderate yellowish brow (10 
YR 5/41; some sand; gravel (0.10 IIR to 4 1/ZW) 
with stme asphait; -tar, stbmgular and feu 
subrwnded; weakly clrrrntcd; poorly consolidated, 
feu roots; low to no plasticity; sliohtly moist 

1 5-3 5 ,  SAMPLE, 
Recovered O.25/2 0 ,  = 12% 
CLAYEY GRAVEL same as above 

3 5-5 5' SAMPLE, 
Recovered 1.3/2 0 ,  = 65%. 
CLAY AND GRAVEL. dusky brown (5 YR 2/21, pale 
brown (5 YR 5/21 and some light brown (5 rR 5/61, 
trash consisting of wood chips, dry wall, plywood 
chips, fine- and medim-grained sand, gravel (0.20 

to 3 25 mn); weakly consolidated; non-plastic, 
d i m  stiff; moist. 

HNU Backgrwnd. 0.0 
OVA Background 1 0 

Explosinwter was used 
during the drilling of 
this boring. 

A l l  readings on cuttings, 
in breathing zone, on 
core, and in augers- 0 0; 
unless otherwise notad 
belOW. 

OVA was of f  scale in the 
augers and breathing zona 
during the entire 
drilling effort. 

TRIP BLANK SAMPLE 
TB0508898 

0 0-1.2' SAMPLE 
(vas  only) 
LF01890001 

0.0-6.0, SAMPLE 
LF01890006 
LF0189WO6FB 

3.5-6.8' W P L E  
(VOAO only) 
L F0189O505 

4 PAGE I OF 
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K L L  NO 8106089 LOG OF BOREIIOLE PAGE 7 OF 4 

5- 
Recovered 1.2/2 0' = 60%. 
CLAY WITH SANDY GRAVEL: dusky bron (5 YR 5/2); 
psle brom <5 YR 5/21; wood fragments; paper; 
asphalt and gravel (0.25mn to 1.15 A); very fine- 
grained s a d  (3.5-3 0 phi); wakly camnted, 
poorly consolidated; stiff, low plasticity; moist. 

7 5-9.5' SAMPLE 
Recovered 0.2/2 0' = 10%. 
CLAY UITH SANDY GRAVEL. same as above 

Note- 9 5-10 5'- Drilled with center bit. NO 
s q l e  recovery 

10.5-11 5' SAMPLE, 
Recovered 1.0/1 0' = 1#%. 
LANOFILL~DEBRIS grayish black (N 2/0) to dusky 
brown (5 YR 2/21, paper; d; some scattered 
gravel ( 0  25 rm); angular to 8ub.ngular. 

11.5-13 5' SAMPLE, 
Recovered 1.W2 0' = 75%. 
LANDFILL DEBRIS same as above; gravelly clay urth 
glass, uire; wood and paper 

6 0-12.0' SAMPLE 
LF01890612 

7 5-7 I' SAMPLE 
( M A S  only) 
L FO 1 890709 

10.5-11.5': Reading on 
core 
OVA. 75 

11.5-13.5' Readings an 
core: 
OVA: 55 
HNu: 4.5 

11.5-13 0' S W L E  

LF01891214 

12 0-15.7' SAMPLE 
LF01891218 

(MAS only) 



IMLL NO 8106089 LOG OF BOREHOLE PAGE 3 OF 4 

Recovered 0.4/2.0' = 20%. 
LANOFILL DEBRIS: same as above. 

15.5-17 5' SAMPLE, 
Recovered 0 2/2.0# = 1OX. 
CLAY- moderate brown (5 YR 4/41 to grayish brow 
(5 YR 3/21; some uood; low plasticity; weakly 
cemented; mist 

Recovered O.2/2 0' = 10% 
CLAY pale brown (5 YR 5/2) to grayish brown (5 YR 
3/2); som gravel; weakly cemented, poorly 
conrolidated; low plasticity, moist 

_-- 3 ROCKY FLATS A L L d ?  '- 

19.5-20.5' SAMPLE p; '/ 
Recovered 1.2/1 0' = 120%. 
CLAYEY SAND AND GRAVEL. rwle vellowish brown (10 
YR 6/2) to dark yellowish orange (10 YR 6/6), 
swerely oxide stained; very f inc-grained (3.5-3.0 
phi) to fine-grained (2 5-2 0 phi) sand ;gravel 
C 1  25 mn to 1.75 m), subrwndsd, rounded, weakly 
cemented; very moist to mist. 

20.5-21 .SI SAMPLE, 
Recovered 1.WI.P = 100% 
CLAYEY SAND AN0 GRAVEL. dark yel\owioh orange (10 
YR 6/6) to light brom (5 YR 5/6), gravel (1 25 m 
to 2 25 mi), subangular; subrwndcd; fine-grained 
(2.5-2 0 phi) to coarse-grained (1 0-0 5 phi) 
s a d ,  weekly cemented; poorly consolidated, d i m  
dense; severely oxide stained, moist. 

13.5-15 5'. Reading on 
core: 
HNU: 2.5 
15.5-17.51- Readings on 
core: 
HNu* 1 .8 
OVA- 3.0 

15.5- 15.7' SAMPLE 
(VOAS only) 
LF01891618 

17.5-21 5' SAMPLE 
L F 01891 822 

19 5-20.5' Reading m 
core- 
WA. 2.4 

19.5-20.5' SAMPLE 
(wus only) 
LF01892021 

20 19' 



WELL NO Bf06089 I O G  OF CORCHOLE PAGE 4 9 F 4  

21.5-23 5' SAMPLE. 
Recovered 2 0/2.0' = 100% 
21.5-22.7' CLAYEY SAW AND GRAVEL. same as above 

ARAPAHOE/LARAMIE FORMATION 

22.7-23 5'. CLAYSTONE: pale yellowish brown (10 YR 
6/21, light olive gray (5 Y 5/21; massive, 
hanogemow; mediun plasticity; mdiun hard; 
slightly oxide staid, mosst. 

23 5-25 5' SAMPLE, 
Recovered 2.0/2.01 = 100% 
CLAYSTONE sme as above, severely oxide stained 
at 23.5-24 51,  then moderately to slightly stained 
in lower run; mediun gray (N 5 / 0 )  to medim dark 
gray (N U O > .  

25 5-27 5' SAMPLE 
Recovered 1 8/2 0' = 90% 
SANDY CLAYSTONE- same as above; more sand, 
slightly moist 

TOTAL DEPTH = 27 5' 

31.5-23.5' SAUPLE 
( M A S  only) 
LFO1892224 

u.7-27.3' SMPLE 
LF01892327 
L FO1892327D 

23.5-25.5' SAUPLE 
(MAS only) 
1 F01892626 



I 

n c 
v LL  

I I  5 a LITHOLOGIC DESCRlPllON 
u_ 

x -  t - 0 -  
4 u g  
Q 5 ,  a 

LOG OF BOREHOLE 

SAMPLES COLLECTED 
OR OTHER TESTS 
PERFORMED - _  

DRILLING COMPANY &@&&mi 
DATE DRILLED  bo" 34 - 7- 
DRILLING MEWOO 
LOGGED BY S.P. 

BOREIiOLE/HICLL NO R3-Q- 
GROUND SURFACE ELEVAION 5984 5' 
WATER LEML ENCOUNTERED 18.5' 

MilLLER K Parker HELPER R. Orr 
DRILLING FLUID Nnna 

CHECKED BY -4 k? h.%d 

STAllC 22 88' (09/27/89) 

4 
CEARP MANAGER 

ARTlFIClAL FILL 

0 0-1 0' SAMPLE 
Recovered 0 3/1 0' - 30% 
SAND AND CLAY moderate yellouish broun (10 YR 
5 / 4 ) ,  some 1 to 2 cm gravel, fine- to very coarse- 
grained sand, poor sorting, anguiar; quartzose, 
non-stratified, unconsotrdated, non-cemented, 
loose, dry 

1 0-3 0' SAMPLE 
Recovered 1 1/2.0' = 55% 
GRAVELLY CLAYEY SAND moderate yellouish brow (10 
YR 5/41, fine- to very coarse-grained sand, 1 to 2 
cm gravel, poor sorting, angular to subangular, 
quartzose, non-stratified, unconsolidated, non- 
cemented, loose; dry 

3 0 - 4  0' SAMPLE 
Recovered 0 2/1 0' = 20%. 
SANDY GRAVELLY CLAY pale yellouish broun (10 YR 
6/21, fine- to coarse-grained sand, 2 to 7 cm 
gravel to trace pebbles, poor sorting, subangular, 
quartzose non-stratified, unconsolidated, non- 
cemented; medim dense to loose, dry 

4 0-6 0' SAMPLE 
Recovered 2 0 / 2  0' = 100% 
SANDY GRAVELLY CLAY- moderate yellouish broun (10 
YR 5/41, fine- to very coarse-grained sand, 1 to 5 
cm gravel, poor sorting, subangular, granite and 
quartzites, non-stratified, moderately 
consolidated, stiff, Lou plasticity, slightly 
calcareous; mist 

HNu Background 0 0 
OVA Background 0 0 
Explosimeter Background 
0 0  

ALL readings on cuttings, 
in breathing zone, on 
core, and in augers 0 0, 
unless otherwise noted 
be 1 ow 

TRIP BLANK SAMPLE 
780524898 

0 0-2 0' SAMPLE 
(VOAS only) 
LF02898R0002 

0 0-2  1' SAMPLE 
LFO289BR0003 

Readings in Auger 
OVA 200 
Explosirneter 15% LE1 
Reading on Core 
OVA 1 0 

TRIP BLANK SAMPLE 
TB052589B 

3 0-9 0' SAMPLE 
LFO289BR0309 
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SAMI-Y rs coi 1 ECTED 
OR UlHtR iESiS 

I'ERF ORMED 

W Y  GRAVELLY CLAY: - u .barn; moderate 
yellowirh kan (10 YR 5/4): moderate olive barn 
(5 Y 4 / 4 ) ;  moderate reddish bron (10 YR 4/61; 1 
to 8 an g r m l .  

0-70 0' SAllpL 
Recornred 2.0/2.0' = 1oOX. 
W Y  GRAVELLY CLAY: s m  n rborn; moderate 
yellowirh bran (10 YR 5/41 to b l u k  <W 1/01; 1 to 
4 an g r m l ;  wood; plastic and r t a l  debris. 

ROCKY FLATS ALLUV 1W 

10.0-12.0' SAMPLE, 
Recovered 2.0l2.0' = 100%. 
CLAYEY W: grayish green (10 61 5/21 to 
yellowish gray (5 Y 7/2); s m  iron-oxide stain-- 
dark yellowish or- (10 YR 6/6); fine- to 
coarse-grained s d ;  1 to 2 an wawl; poor 
sorting; stbmgulrr; qurrtrore; alightly 
s t r a t i f i d  to Lnrutad;  nodsrateiy consolidated; 
ueakly c-ted; diu dense; Low plastic; mis t .  

12.0-14.0' SAMPLE, 
Recovered 2.0l2.0' 8 1oOX. 
CLAYEY SAND: Light bron (5 YR 5/61: f i n -  to very 
coarse-grained snd; trwe 1-2 a gravel; poor 
sorting; srrbngular; Wrtzose  lenses to non- 
s t r a t i f i d ;  moderately consolidated; weakly 
c a n t e d ;  madtun dense; Lou plastic; iron-oxide 
staining; m i s t  

5.0-6.0' W L E  
(WAS only) 
LF028oBRoco6 

a: Redings in  Auger: 
OVA: 1000.0 
Explosirrter: 100% LEL 
Reding on cuttings: 
OVA: 10.0 

8 0-10.0' SAUPLE 
(WAS only) 
LFO2899Ro8IQ 

10.0- 15.7' SAMPLE 
L F 0289811 01 6 

12.0- 14.0' SAWPLE 
(WAS only) 
LF0289BR1214 
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16 

14.0-16.0' SAW& 
Recowred 1.?/2.0' 85%. 
CLAYEY SAND: smo m above; dark yellwish orange 
(10 YR 6/61 to b r k  yellwish bron (10 YR 4/21; 
Lou to non-ptmtic; d i u  dnre  to m e .  

16 0-18 01 W L E  
Recowred 2.0/2.0' .I 1oOX. 
CLAYEY GRAVELLY SAW. light bran (5 YR 5/6) to 
moderate yettowish brow (10 YR 5/41; f i n -  to 
very coarse-grainod smd; 1 to 2 em gravel; poorly 
sorted; sthngular; wrtzoee; slightly 
stratified; very thin (1/2 cm) clean smd Lema; 
mderatety conrolidated; weakly cemented; madim 
dense to dense; d i u  to tar plastic; moist. 

18.0-20.0' SAMPLE, 
Recovered 1.9/2.0' = 05%. 
18.0-18.5': CLAYEY GRAVELLY SAW: S w h  08 .bow. 
18.5-19.9': SAND* dark yetlwish orange (10 YR 
6/6); true silt; fine- to very coarse-grainad 
smd; s m  (1 to 3 em) grawt; poorly sorted; 
urbngular; qurrtzou to rrkosic; unconrotidated; 
non-stratified; non-plastic, diu dense; wt. 

~ . 0 - 2 2 . 0 '  SAMPLE, 
Reowred 2.0/2.0' = 1oOX. 
20.0-20.9': SANDY GRAVELLY CLAY. dark y.LLwish 
orange (10 YR 6/6), fine- to coarse-grainad sand; 
1 to 8 em gravel and pebles; poorly sorted; 
rrlwngulrr; grmite md qwrtzite; non-stratified; 
moderately conrotidate non-camnted; mdim 
plastic; wry stiff to hard; a 4 em sandy gravel 
tense at contact uith claystone bedrock; very 
moist. 

20.9-22.0': CLAYSTONE: Light olive bran (5 Y 5/61 
to Light olive grey (5 Y 5/21; non-stratified, 
blocky; wtt consolidated, nowcanentad; iron- 
oxide bwding; hard; madiu to hi* plutic; 
weathered; moist. 

16.0-18 0' W L E  
(WAS only) 
LFO289UR1618 

16.0-19.9' W L E  
LF0289BR1620 

30.0-22.0' W L E  
(VmS arty) 
LFO289SRZOZZ 

p.0-26.9' W L E  
L F0289BRZ 127 
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a o - 2 4 . 0 '  W& 
Recov0r.d 2.0/2.0' 100%. - . -  
CLAYSTWE: m as .barn; light to hwvy iron- 
oxid. staining at 23.9'. 

34.0-26.0' SAMPI& 
Recw8r.d 2.0/2.0( = lm. 
CLAYSTOWE: as above; grayish kon (5 YR 
3/2); p.1. pll&rh k- (10 YR 6/2); WWirh 
or- (10 YR 7/41; wry rott1.d; r b n b n t  iron- 
oxide staining. 

iron-oxide staining; wry thin silty sand 
i ntrrbadr . 

26.0-30.0' SAMPLE. 
Recovered 2 0/2.0' = 1ooX. 
CLAYSTOWE. 8- IS w; dark y ~ l l ~ i s h  
(10 YR 6/61; li*t o l t n  gray (5 I 5/21; h k y  
yellwish bron (10 YR 2/2); wry hard to hard; no 
s d ;  llPtt1.d to 29.1'. 

2288' 

26.9-32.9' SAMPLE 
LFO289BR2733 

26.0-30.0' -LE 
( W S  only) 
1 FOWU2830 



0 0-32 01 -LE 
Ruowrd 2.0/2.0: = 100% 

5/61; diu gray (I 5 / 0 ,  li@ht olive gray (5 Y 
5/21; very mottld; high p l r t i c ;  trK8 iron-oxide 
staining. 

CLAYSTWE: 8- 88 &OW; liQht Olive kOWl (5 Y 

s .0-35.0’  SAMPLE 
Recovered l . O / l d  = 100%. 
CLAYSTOWE: 8- 8s &OW; brownish black (5 YR 
2/11; diu grry (I 5/01; diu dark gray (I 
4/01; mottld. 

.- .--_-_ 
CLAYSTWE: 8- 88 above; dark gray (I 3/01 to 
light olive gray (5 Y 6/f); slightly 81lty; t r K e  
vew f i n - g r 8 l n d  und; 8lIQhtly ROttld. 

u: Reading in W r :  
Explorirter: 20% LEL 

32.0-34.01 SAMPLE 
(VOAS only1 
LFo28oBR3u1 
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37.0-38.0' SAMPLE , 
Recmrad l.O/l.O1 * 1m. 

99.0-40.0' W L E ,  
Recmrd l.O/l.O1 = 1ooX. 
CLAYSTONE: s w  as above: dark grw (W 3 /0 )  to 
Light olive gray (5 Y 6/1), L r r h a t d ,  m e  
oxide staining in discrete layers. 

40.0-41.0' SAMPLE. 
Recovered 1 0/1.0' = l o a  
CLAYSTONE: s u e  as .bow. 

41.0-42.0* SMPg 
Recovered l.O/l.O' = l o a  
CLAYSTONE. as above: bronish grw (5 YR 4/71 

r- ----r - - - 77, '"I 42.0-43.0' SAMPLE. 
Recovered l.O/l.O' = 1ooX. 
CLAYSTO~E. S A  as .bow; increasing si It content: 
increasing oxide staining 

43.0-44.0' SAMPLE, 
Recovered 0.4/1.0' = 40%. 
CLAYSTONE: SIIW as above; t rue very fim-grained 
sad .  

44.0-45 0' SAMPLE. 
Ramred 0.0-1 0' = OX. 

TOTAL DEPTH = 45 0' 

FIELD BLANK SAMPLE 
LF0289BROOFB 



LOG OF BOREHOLE 

n c 

c- 

I 

5 2  SAMPI FS WLLECKD 2 LlTHOLOGl C DESCRIP I O N  OR OTHLR TESTS 
4 -  ZW 

& / , - /P-cv 
y flats Plant, Landfill Area 

COORDINATES N39.272 29 E20.465 42 (RFP) 
TOTAL DEPlH 475' 

4. @=o '3 -I 

DRILUNG COMPANY 

DRILLING METHOD Hollow Stem Auaer 
LOGGED BY R T  Treat 

O A E  DRILLU) 1 9 

GEOLOGIST 

PERFORMtD SF 

BOREHOLE/WELL NO B206289 ~ 

GROUND SURFACE ELEVAl 
WATER LEML ENCOUNTERED 125' 

STATIC 3052' (09/28/ 
DRIIIER K Parker HELPER 

ION 597759' 

'89 1 
R Orr 

DRILLING FLUID None 
CHECKED BY -d& &, rn- 

Y SI% MANAGER 

CEARP MANAGCR 
COMMENTS 

L -- I I I 1 

ARlIFIClAL FILL 

0 0-1 5' SAMPLE 
Recovered 1 2/1 5' = 80% 
0 0-0  25' SANDY CLAY pale yellowish broun (10 YR 
6/2), trace to some gravel, fine-grained (3 0-2 5 
phi) sand , weakly cemented, poorly consolidated, 
mediun stiff, very mist 

TOP SOlL 

0 25-0 50' CLAY AND GRAVEL dusky broun (5 YR 
2/21, gravel ( 0  75 mn to 3 50 mn), angular, 
subangular and few subrounded, poorly 
consolidated, abundant roots, slightly moist 

ROCKY FLATS ALLUVIUM 

0 50-1 20' SANDY GRAVEL pale yellowish broun (10 
YR 6/21, medium-grained (2 0-1 5 phi) to very 
coarse-grained (-0 5 to -1 0 phi) sand, gravel 
( 0  25 mn to 4 75 mn), ueakly cemented, poorly 
consolidated, non-plastic, dense, dry 

1 5-3 5' SAMPLE 
Recovered 1 3/2 0' = 65% 
SANDY CRAVEL.-dark reddish broun (10 R 3/41 to 
pale red (10 R 6/21, clayey ( 1  5-2.0') to trace 
clay ( 2  0-2 3'1, fine-grained (3 0-2 5 phi) up to 
very coarse-grained ( - 0  5 to - 1  0 phi) sand: 
gravel ( 0  15 mn to 2 10 mn), granite and 
quartrite, moderately cemented, medium dense, 
moderately consolidated, slightly demp 

HNu Background 0 0 
OVA Background 0 0 
ALL readings on cuttings, 
in breathing zone, on 
core, and in augers 0 0, 
unless otherwise noted 
belou 

1 5 '  Reading in Auger 
O V A 0 2  

OVA 
Reading in Auger 
8 

PAGE 1 OF 7 Lt- 



7 KLL NO B206289 LOG OF BOREHOLE PAGE 3 OF 
r 
h 

t 
v 

- %  
SAMPI ES mi I F ~ T D  

E E B  Q LITHOLOGIC DESCRIPTION OR OWER lESTS 
5 0 

PERFORMED 
-xu x w  
$53 SE 

3 5-6 5' SAMPLE, 
Recovered 1 0/1 0 ,  = 100% 
SANDY GRAVEL: same as above, some clay 

Note 4 5-5 5' Drilled uith center bit No 
sanple recovery 

5 5-7 5' SAMPLE 
Recovered 1 3/2 0' = 65% 
SAND AND GRAVEL dark yellouish orange (10 YR 6/61 
to pate yellouish broun (10 YR 6/21, very fine- 
grained (3 5-3 D phi) to very coarse-grained ( 0  0 
to -0 5 phi) sand: gravel ( 0  25 mn to 2 25 mn), 
angular, subangular and feu subrounded, quartzite 
and granite; ueakly cemented, poorly consolidated, 
medium dense, non-plastic, slightly mist 

7 5-9 5' SAMPLE 
Recovered 1 1/2 0' = 55% 
7 5-7 8' SAND AND GRAVEL Sam as above 
7 8-8 6' CLAYEY SAND light gray (N 7/01 to 
streaks of moderate broun (5 YR 4 / 4 ) ,  fine-grained 
(3 0-2 5 phi) sand, moderately cemented, ueakly 
consolidated, medium dense, Lou plasticity, mist 

9 5-11 5' SAMPLE 
Recovered 2 0/2 0' = 100% 
CLAYEY SAND dark yellouish orange (10 YR 6/61 to 
pale yellouish broun (10 YR 6/2), very fine- 
grained (3 5-3 0 phi) to coarse-grained (0 5-0 0 
phi) sand, gravel ( 0  25 mn to 1 75 mn), 
subangular, angular and some rounded, weakly 
cemented, poorly consolidated, mediun dense, 
mist. 

1 1  5-13 5' SAMPLE 
Recovered 1 0 / 2  0' = 50%. 
SAND: derate yellouish broun (10 YR 5/4), somE 
gravel ( 0  25 mn to 1 50 mn), fine-grained (3 0-2 5 
phi) to very coarse-grained ( 0  0 to -0 5 phi) 
sand; non-cemented; poorly consol idated, med~un 
dense, uet. 

3 5-4 5' Readings on 
core 
OVA 0 2 
HNu 4 5 

4 5 '  Reading in Auger - 
OVA 5 0 

5 5-7 5' Reading on 
Core 
OVA 0 4 

7 5-9 5' Reading on 
Core 
OVA 5 6 

Readings in Auger 
OVA 250 
HNu 5 5 

9 5-11 5' Reading on 
Core 
OVA 2 2 

11.5-13 5' Reading on 
core 
OVA 12 4 

- 13 5' Readings in Auger 
OVA 150 
HNu 2 2 

125' 



WELL NO B206289 LOG OF BORCHOLE 

- - -  

IF- 

13 5-14 5' SAMPLE 
Recovered 1 0/1 0, = 100% 
SAND dark yellowish orange (10 YR 6/61 to light 
brom (5 YR 5/61, some gravel; non-cemented, 
weakly consolidated, loose; non-plastic, wet 

14.5-15 5, SAMPLE 
Recovered 1 0/1 0' = 100% 
14 5-14 8' SAND same as above 

ARAPAHOE/LARAMIE FORMATION 

14 8-15 5' CLAYSTONE light gray (N 7 / 0 )  to mediun 
Light gray (N 6/01, highly plastic; moderately 
cemented to ueakly cemented, mediun hard; mist 

15 5-17 5' SAMPLE 
Recovered 2 0/2 0, = 100% 
CLAYSTONE dark yellouish orange (10 YR 6/61 to 
streaks of pale yellowish brown (10 YR 6/21, trace 
fine-grained sand, highly plastic, moderately 
cemented, moderately consolidated, oxide stained, 
weathered, damp 

17 5'-19 5' SAMPLE 
Recovered 2 0/2 0, = 100% 
CLAYSTONE same as above, less iron-stained 

19 5-21 5' SAMPLE 
Recovered 2 0/2 0'  = 100% 
CLAYSTONE light olive gray (5 Y 6/11, moderately 
cemented, highly plastic, &run hard, massive, 
homogeneous, blocky, slightly oxide stained, 
ueathered, mist 

PAGE .3 OF 7 

SAMM r y  rni I Frm 
OR OlHER TESTS 

PERf ORMED 

13 5-14 5, Reading on 
Core 
OVA' 3 2 

- 14 5 ,  Readings in Auger 
OVA. 85.0 
HNU 0 3 

14 5-15 5, Reading on 
Core 
OVA 4 0 

- 15 5, Readings in Auger 
OVA 18 0 
HNu 0 4 

15 5-17 5' Reading on 
core 
OVA 2 0 
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h 

9 
SAMPl ES COLLECTFD 

PERFORMED 
6;iE O W  LI THOLOG1 C DESCR IP ION OR OTHER TESTS Y 0 

- x a  
8 5  UJZ 

e 

21 5-23 5‘ SAMPLE 
Recovered 2 0/2 0, = 100% 
CLAYSTONE simi as above; light gray (N 7 / 0 )  to 
mediun light gray (N 6/01. some sand to sandy 
lensed, moist 

33 5-25 5’ SAMPLE 
Recovered 2 0/2 0’ = 100%. 
CLAYSTONE: Light gray (N 7 / 0 )  to predominantly 
dark yellowish orange (10 YR 6/61, sane fine- 
grained sand; mediun plasticity; moderately 
cemented, moderately consolidated, mediun hard, 
i ron- stai ned, mess 1 ve, homogeneous, weathered, 
mist 

25 5-27 5’  SAMPLE 
Recovered 0 0 / 2  0‘ = 0% 

27 5-28 5‘  SAMPLE 
Recovered 2 0/1 0’ = 200% 
CLAYSTONE mediun light gray (N 6/01, trace fine- 
grained sand, massive, mediun plasticity, 
homogeneous, moderately cemented and moderately 
consolidated, medim hard, slightly ueathered, 
slightly mist 

28.5-29 5’ SAMPLE 
Recovered 1 0/1 0’ = 100% 
CLAYSTONE mediun dark gray (N 4/01, SON fine- 
grained sand, Lou plasticity, massive, 
homogeneous, ueakly cemented, poorly consolidated, 
mediun hard, slightly mist 
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31 

I- - - I /  1 /l 

29 5-30 5' SAMPLE 
Recovered 1 0/1 0' = 100% 
CLAYSTONE 
to sandy. 

Recovered 1 0/1 0' = 100% 
CLAYSTONE same as above, Less sand and more 
neathered, oxide stained, lensed and streaked, 
moist. 

sine as above, sune fine-grained sand 

30 5-31 5' SAMPLE 

31.5-33 5' SAMPLE 
Recovered 2 0/2.0' = 100% ._. ._ ~ 

CLAYSTONE. dark gray (N 3/0), trace to some very 
fine-grained sand, massive, medium plasticity, 
moderately cemented, poorly consolidated, mediun 
hard, slightly neathered, caliche lense noted at 
33 2-33 25', strongly reactive to HCL, very light 
gray (N 6/01, slightly mist 

33 5-34 5' SAMPLE 
Recovered 1 0/1 0' = 100% 
CLAYSTONE same as above, more very fine-grained 
sand 

34 5-35 5' SAMPLE 
Recovered 1 0/1 0' = 100% 
SANDY SILTSTONE medium gray (N 5/01, some clay, 
massive, homogeneous, very fine-grained (3 5-3 0 
phi) sand, Lon plasticity, moderately cemented, 
moderately consolidated, hard to mediun hard, 
danp. 

35 5-36 5' SAMPLE 
Recovered 1 0/1 0' = 100% 
SANDY SILTSTONE same as above 

36 5-37 5' SAMPLE 
Recovered 1 0/1 0' = 100% 
SANDY SILTSTONE same as above; slightty 
neat hered 

3052' 

34 5-35 5' Reading on 
Core 
HNu 2 0 

35 5' Readings in Auger 
OVA 0 2 
HNu 10 

- 

Reading in Auger 
OVA 2 0 

36.5-37 5' Reading on 
Core 
OVA 2 0 

Readings in Auger 
OVA 1 8 
HNu 1 0 
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t 
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.-* 

9 8 3  SI? 

LOG OF BOREHOLE 
SAMPl FS rOLLECT€D 

PERFORMLD 
OR ulliER TESTS 

7 PAGE 6 OF 

37 5-38 5 '  SAMPLE 
Recovered 1 0/1 0' = 100% 
SANDY SILTSTONE same as above 

Recovered 1 0/1 0' = 100% 
SANDY SILTSTONE same as above, more very fine- 
grained sand 

39 5-41 0' SAMPLE 
Recovered 1 2/1 5' = 96% 
SANDY SILTSTONE mediun gray (N 5/03; soma clay, 
very fine-grained (3 5-3 0 phi) sand, blocky, 
massive; homogeneous, moderately cemented, 
moderately consolidated, some slickensides 
apparent, low plasticity, d i u a  hard, 
unucathered, danp. 

Recovered 1 4/1 5' = 93% 
SANDY TO SANDSTONE AND SILTSTONE same as above, 
more very fine-grained sand 

41 0 - 4 2  5' SAMPLE 

42 5-46 0' SAMPLE 
Recovered 1 1/1 5' = 7'3% 
SANDY SILTSTONE same as above 

44 0-45 5' SAMPLE 
Recovered 1 5/1 5, = 100% 
SILTSTONE grayish black (N 2/01 to dark gray (N 
3/0), soma very fine-grained sand, abundant 
lignite, homogeneous, ueakly cemented, moderately 
consolidated, blocky to massive, slightly mist 

4 4 W A  

37 5-38 5 ,  Readings on 
Core 
OVA. 1 2 
HNu 0 2 

Reading in Auger 
HNU 0 2 

38 5-39 5' Reading on 
Core 
HNu 0 4 

Reading in Auger 
HNu 1 0 

Reading in Auger 
OVA 1 0 

41 0-42 5 '  Reading on 
Core 
OVA 1 8 

42 5' Readings in Auger 
OVA 49 0 
- 
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LlTHOLOGl C DESCRIP TION 
S N ~  rc mi I rcm 

OR OTHLR TESTS 
PERFORMED 

45 5-46 5' SAMPLE 
Recovered 1 0/1 0' = 100% 

grained sand noted from 16-46 5 '  

46 5-47 5' SAMPLE 
Recovered 1 0/1 0' = 100% 

-- -- SILTSTONE same as above, soma more very-fine - 

-- - CLAYEY SILTSTONE. same as above, trace sand 

TOTAL DEPTH = 47 5 '  

I 

- 47 5' Reading in Auger 
OVA 6 0 



LOG OF BOREHOLE 

LKAIIMJ -d Arm 
COORDINATES N39.566 50 E20. 82868 (RFP) 
TOTAL DEPTH 70.0' 

DRILLING COMPANY ~ n m  
DATE DRILLED _MU,, iq 'IaRta 
DRILLING METHOO hollow Stem Auaer 
LOGGED BY S P Coroenter 

GEOLOGiST 

BORfHQEE/WTLL NO B U ~  , 
GROUND SURFACE ELEVAnON 59697 
WAlER LEML ENCOUNERED None 

STATIC None (09/28/89) 
DRILLER m r  HELPER A m y  
DRILLING FLUID ~ None 
CtiECKCD BY d / d h !  4 .! 3 9  f h t  

SlfE MANAGER 

CEARP MANAGER 
COMMENTS the b. L. m o m  the 

LITHOLOGIC DESCRlPllON 
SAMPLES rnLLECTCD 

OR OMER TESTS 
PERf ORMED 

ARTIFICIAL FILC 

0.0-2.2' SAMPLE 
Recovered 1 7/2 0' * 85%. 
0.0-0.7' SAMDY CLAY. moderate wllowish brow (10 
YR 514); sane gravel; wry stiff to stiff; mist 

brown (10 YR 2/21; medim &me, with asphalt and 
scattered metal debris; moist. 

0.7-1 7': GRAVELLY SAND AND CLAY: durkv yellowish 

2.0-4 0' SAMPLE, 
Recovered 1 45/2 0' = 7tx. 
SAND AND UAY. dark yellowirh bron (10 YR 4/2), 
sone gravel; rim-stratified; fine to coarse- 
grained sands, s&mgular; quartzites; madim 
dense; scam poper md yood trash; mist. 

Recovered 0.9/2.0' = 45%. 
UNO AND CLAY: UII* as &ow. 

4 0-6.0' SAMPLE 

HNu Backgrand- 0 0 
OVA Backgrand: 0.0 
Explosimeter 
Backgrand: 0.0 

ALL readings on cuttings, 
in breathing tone, on 
core, and in augers: 0 0, 
urless otherwise noted 
k l w .  

TRIP BLANK SAMPLE 
1605 19898 

0 0-3.0' SAMPLE 
LF04890003 

0 0-2.0':  Reading on 
core: 
HNu: 0 3 

0 0-1.7' SAMPLE 

LF04890002 
LFOC890002D 

(VOAS only) 

2: Reading in Auger: 
OVA: 1.4 

3.0-4 9' SAMPLE 
LF04890309 

f 0-4.0' Reading on Core: 
HNu: 0.1 

PAGE t W . 3  



WELL NO 2 0 6 3 8 9  LOG OF CORLIIOLE PAGE 7 W L  

' 0  

6.0-8.0' SAMPLE, 
Recowred 0.0/2.01 = 0%. 
Note: 8.O-9.Of: Orilled with canter bit. No 
srrple recovery. 

ROCKI FLATS ALLWIW 

9.0- 10.0' SAMPLE 
Recovered 0.7/1.0' = 70%. 
SAND AND GRAVEL: dark yellowish orutee (10 YR 
6/6); clayey; non-stratified; homogeneous; very 
fine to very coarse-grained sand; poor sorting; 
ulwgular ;  qrwrtri tea; non-cemented; moderately 
consolidated; diu dense to dense; mist to 
slightly mist. 

Note: 10.O-12.Of: Drilled with center bit. No 
srrple recovery. 

tZ.O-14.0'% 
Recovered 1.9/2.0f = 95%. 
12.0-13.3'. SAND AND GRAVEL UT as abw.  

ARAPAWE LARAWE/FmATIW 

13.3-13.9'- CLAYSTWE- light olive gray (5 Y 6/11 
to diu gray (I 5/01: some silt; trace sand; 
high to mediun plasticity; moderately cemented; 
moderately consolidatad; iron oxide stained; 
weatherd, mist. 

4.0-4.9' SAMPLE 
(vas only) 
LF-06 

a: Rodings in Auger: 
WA: 150 
Explosintar 5% LEL 

4.0-6.0': Readings on 
Core: 
HNu: 2.0 
WA: 2.5 

ut* Redings in  Auger- 
OVA: 7.5 
Explosinter 50% LEL 

5.0-8.0': Reading on 
Core: 
nw: o 4 
a: Readings in Auger- 
WA: lo00 
HNu: 0 4 
Explosinter: 7% LEL 

j?&: Reading in Auger: 
WA: 45 

9 0-9 7' SAMPLE 
LFOC890913 

9.0-10.0': Reading on 
core: 
WA: 2.4 

9.0-9.7' W L E  
( m r  only) 
LF04890910 

u: Reading in 
Breathing Zw: 
WA: 75 

u: Readings in Awr 
WA: 1000 
Hlu: 1.2 
Exploermter: 80% LEL 

12.0-13.9' SAMPLE 
( m s  only) 
LF04891214 

12.0-14.0': Reeding on 
core: 
OVA: 0.4 

1491- Reading in Auger: 
WA: 35 
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14.0-16.0' SAMPLE. 
Recovered 1.9/2.0' 95%. 
CLAYSTOWE: s n R  as above. 

16.0-16.0' SAMPLE. 
Recovered 1.9/2.O8 = 95%. 
CLAYSTOWE: dark yellowish o r m e  (10 YR 6/61 to 
li*t olive gray (5 Y 5/2); trace silt, LnlNted 
homogenous; diu to high plasticity; very hard; 
sam iron oxid. stain; hi*ly ueathered. 

18.0-20 0' SAMPLE, 
Recovered 2.1/2.0' = 105%. 
CLAYSTOWE. S.I* as above; increased iron oxide 
staining at 19.0-20.0'. 

TOTAL DEPTH 20 0' 

14.0-16.0': Reading on 
Core: 
OVA: 0.3 

14.0-20.0' SAMPLE 
Lf04891319 

14.0-15.9' W P L E  
( m s  only) 
Lf04891416 

16.0-18.0': Reading on 
Core: 
OVA: 0.2 

u. Reading in Auger 
OVA. 45 

20.0': Reading in Auger: 
OVA: 15 
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Y 
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GROUND kRFACE EILVAION 3969.1 4' 
COOROINAIES N39,445 20 E20,865 79 (RFPJ ~ ~ WATER LEVEL ENCOUNlERED None 

SAMF'LES COLLECTED 
LITHMOGIC DESCRlPTlON OR OWER TESTS u 3 = =  u 

% c ,  =tu PERFORMED %3 SE 

TOTAL DEPTH 41 5' STATlC 4.92' (i 
PRILLER K 

DRILLING COMPANY Bodes Brothers 
DATE DRILLED I 
DRILLING M E T H C  
LOGGED BY I 

k l l L i G  5 
9/27/89) 

Porker HELPER R. &r 
IO None 

Mav 3, 1989 CIiECKED BY 4 A  aV2R.nrL.t I 

10 Hollow Stem Auqer 1 '  SIE ~~ANAGER 
R T  Treat 
GEOLOGIST EARP MANAGER 

COMMCNTS 

TOPS01 L 

0 0-1 5' SAMPLE 
Recovered 1 25/1 5 1  83% 
0 0-0 4' CLAY dusky broun (5 YR 2/2),  
sane gravel, ueakly crmcnted, poorly consolidated, 
mcdiun stiff, abundant roots, moist 

ROCKY FLATS ALLUVIUM 

0 4-1 25' CLAY dusky broun (5 YR 2/21, some 
gravel ( 0  25 mn to 4 75 mn), quartzite and 
granite, rounded, subrounded, and feu subangular, 
ueakly cemented, poorly consolidated, moist 

1 5-3 5' SAMPLE 
Recovered 1 1/2 0' = 55% 
1 5-1 7' 
1 7-2 61 CLAYEY SAND grayish orange pink (10 R 
6/21 and grayish pink (5 R 8/2), sane gravel to 
gravelly (0  25 mn to 6 50 mn), angular, 
subangular, arid feu subrounded, fine-grained (3 0- 
2 5 phi) to coarse-grained (0 .5-0  0 phi) sand; 
ueakly cemented, poorly consolidated, very 
calcareous, moist. 

CLAY- same as above, some gravel 

3 5-5 5' SAMPLE 
Recovered 1 0/2 0 ,  = 50%. 
CLAYEY SAND AND GRAVEL light broun (5 YR 6 / 4 )  to 
pale yellouish broun (10 YR 6/2), sand and gravel 
same as above, ueakly cemented, poorly 
consolidated; mediun dense, non-plastic, mist 

Hnu Background 0 0 
OVA Background 0 0 
ALL readings on cuttings, 
in breathing zone, on 
core and in augers 
unless otheruise noted 

0 0, 

3 5' Reading in Auger 
OVA 4 6 
- 

Reading in Auger 
OVA 1 2 

492' 
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9 5-7 5' SAMPLE 
Recovered 1 6/2 0 ,  * 80%. 
5.5-6 8 ' :  CLAYEY SAND AND GRAVEL: ow as above 
6 8-7 1': CLAY dark yellowish orange (10 YR 6/61, 
some gravel; trace fine-grained send, moderately 
cemented, mediun stiff; low plasticity, moist. 

ARAPAHOE/LARAMIE FORMATION 

7 5-9 5' SAMPLE 
Recovered 1 7/2 0' = 85% 
CLAYEY SANDSTONE light gray (N 7 / 0 )  to dark 
yellouish orange (10 YR 6/61, very fine-grained 
( 4  0-3 0 phi) sand, weakly cemented, poorly 
consolidated, medim hard, oxide-stained at 
bottom, highly ueathered, mist 

9 5-11 5' SAMPLE 
Recovered 1 8/2 0 ,  = 90% 
SANDY CLAYSTONE dark yellowish orange (10 YR 6/6) 
to streaks of pale yellouish brow (10 YR 6/2), 
severely oxide-stained, very fine-grained sand, 
blocky to layered, Lou to medim plasticity, 
highly weathered, moist 

Note 1 1  5-12 0' Drilled with center bit No 
sample recovery 

Recovered 1 5/1 5' = 100% 
SANDY CLAYSTONE. same as above; trace sand 

Readings in Auger 
HNu 5 0 
OVA 34 0 
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6 WLL NO B206489 LOG OF GOREt {OLE PAGE 3 OF 

SAMM F'; I rmo 
OR UIH€R TE5lS 

PCRFORMED 

13 5-15 5' SAMPLE 
Recovered 1 8/2 0' = 90% 
SANDY CLAYSTONE. medim light gray ( N  6/01, very 
fine-grained sand, ueakly cemented, moderately 
consolidated, medim hard; Lou to medium 
plasticity, homogeneous, blocky to layered, 
slightly ueathered, slightly mist 

15 5-17 5' SAMPLE 
Recovered 1.7/2 0' = 100% 
SANDY CLAYSTONE same as above 

17 5-19 5' SAMPLE 
Recovered 2 0/2 0' = 100% 
SANDY CLAYSTONE same as above, dark yellouish 
orange (10 YR 6/61 and l i g h t  broun (5 YR 5/6) to 
streaks of pale yellouish broun (10 YR 6/21, 
severely oxide-stained 

19 5-21 SAMPLE 
Recovered 2 0/2 0' = 100% 
SANDY CLAYSTONE dark yellowish orange (10 YR 6/61 
streaks of pale yellouish broun (10 YR 6/21, 
grading to some sand, severely oxide-stained, 
highly weathered, ueakly cemented, poorly 
consolidated, mist 

15 5'  Reading in Auger 
OVA 1 0 
- 
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21 5-23 5' SAMPLE 
Recovered 1 7/2 0' = 85% 
CLAYSTONE same as above, scnne to trace sand 

23 5-25 5' SAMPLE 
Recovered 2.0/2.0' = 100%. 
CLAYSTONE mediun gray (N 5 / 0 )  to dark gray (N 
3 / 0 ) ,  streaks of pale yellowish brown (10 YR 6/2), 
massive; blocky, mediun plasticity, moderately 
cemented and consolidated, homogeneous, slightly 
weathered, slightly moist 

25 5-27 5' SAMPLE 
Recovered 2 0/2 0' = 100% 
CLAYSTONE sake as above 

27 5-29 5' SAMPLE 
Recovered 2 0/2 0' = 100% 
CLAYSTONE greenish gray (5 CY 6/1) to light gray 
(N 7/01 and moderate yellowish brown (10 YR 5 / 4 ) ,  
trace sand to sandy tense at 28 5-28 8'; very 
fine-grained, moderately cemented, weakly 
consolidated, massive, homogeneous, Lou 
plasticity; slightly weathered, slightly moist. 



WELL NO B206489 LOG OF P,ORCliOLE 
h 

t 
Y E i E  0 LITHOLOGIC DESCRIPTION 

- L ?  
-cc3 = E  L2 8 3  UJC 

29 5-31 5' SAMPLE 
Recovered 2 0/2.0' = 100% 
SANDY CLAYSTONE: same as above; more sand, very 
fim-grained (4.0-3 0 phi) sand lenses, moderately 
oxide-stained; slightly moist. 

31 5-33 5' SAMPLE 
Recovered 2 0/2 0' = 100% _._. - -  _ _  
SANDY CLAYSTONE dark yellouish orange (10 YR 6/61 
to pale yellowish broun (10 YR 6/21 uith steaks of 
light gray (N 6/01, very fine-grained sand, lou 
plasticity; moderately cemented and consolidated; 
mcdrun hard to hard lensed, massive, hmgencous, 
ucathered, damp 

33 5-35 5' SAMPLE 
Recovered 2 O / t  0' = 100% 
SANDY CLAYST&€ mediun gray (N 5/01, very frne- 
grained sand, massive, homogeneous, iron-oxide 
streaked, Lou plasticity, moderately cemented, 
moderately consolidated, slightly ueathered, damp 

35.5-37 5' SAMPLE 
Recovered 2.0/2 0 ,  = 100%. 
CLAYSTONE -sake as above, less sand 

29 5' Reading in Auger 
OVA. 1.3 
- 

31 5' Reading in Auger 
OVA 1 0 
- 

33 5'  Reading in Auger 
ova 37 0 
- 
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12 

13- 

- 

14 

LOG OF [30FElIOLE 
h I I 

LITHOLOGIC DESCRIPTION 

I I I 

CLAYSTONE bromish gray (5 YR 4/11 to brounish 
black (5 YR 2/11, trace sand, Lignite streaked, 
low plasticity, ueakly cemented; poorly 
consolidated, slight iron-oxide stained, slightly 
uerthered, danp 

39.541 5' SAMPLE 
Recovered 2.0/2 0 ,  = 100% 
CLAYSTONE medim gray (N 5/0); mediun dark gray 
(N 4 / 0 ) ;  trace very f ine-grained sand, 
homogeneous, massive, Lou plasticity; blocky; sane 
iron streaks, slightly ueathered, ueakly to 
moderately cemented, damp 

TOTAL DEPTH = 41 5' 

PAGE G OF f i  

I 

I 

37 5 '  Reading in Auger - 
OVA 38 0 

Reading in Auger 
OVA 1 0 
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SAMPLES COLI ECTED 
LITHOLOGIC DESCRlPTlON OR OTHER TESTS s 3 =  12 Y 

t - a  L W  
8 ,  48 3E PERFORMED . 

' 0  

a 

Y 

DRILLING COMPANY 
DAlF DRILLED M~W 5. 1989 
DRILLING ME'THOD m r  
LOGGED BY RT. Treat 

GEOLOGIST 
COMMENTS 

BOREHOLE/MLL NO B206589 
GROUND SURFACE ELEVATlON 5967 80' 
WATER LEVEL ENCOUNIERED 27 5' 

STATIC 7 30' 109/25/89) 
DRllLER K Parker HELPER R Orr 
DRILLING FLUID None 
CHECKED BY d/ &mW 

U SITE 'MANAGER 

CEARP MANAGER 

- TOPSOIL 

0.0-1 5 '  SAMPLE 
Recovered 0 5/1 5 ,  = 33% 
CLAY. dusky brown (5 YR 2/21 to moderate brown (5 
YR 4/41, some gravel and scattered cobbles, lou 
plasticity, abundant roots, weakly cemented, 
poorly consolidated; loose to mediun stiff; 
slightly moist. 

ROCKY FLATS ALLUVIUM 

1 5-3 5, SAMPLE 
Recovered 1 3/2 0' = 65% 
1 5-2 5 ,  CLAY yellouish gray (5 Y 7/2), some sand 
and somc gravel, very calcareous and highly 
effervescent to HCL, very fine- (3 5-3 0 phi) to 
fine-grained (3 0-2 5 phi) sand, gravel size 
(0 15 to 1 25 cm), ueakly cemented, Lou 
plasticity, poorly consolidated, mist 
2 5-2 8' CLAYEY SAND AND GRAVEL fane- (3 0-2 5 
phi) to very coarse-grained sand ( 0  0 to -0 5 
phi), gravel ( 0  20 to 3 75 cm); quartzite and 
granitic origin, ueakly cemented, poorly 
consol~dated, subrounded to mostly subangular and 
angular, moist 

3 5-5 5' SAMPLE 
Recovered 1.8/2 0' = 90% 
3 5 - 4  9' CLAYEY SAND AND GRAVEL. same as above 
4 9-5 3' SAND AND GRAVEL grayish orange pink (5 
YR 7/21 to light brow (5 YR 6/4), sand range 
fine- (2.5-2 0 phi) to very coarse-grained ( - 0  5 
to -1 0 phi) sand, gravel size: (0.25 to 5.50 cm); 
subrounded, subangular and angular; weakly 
cemented, poorly consolidated; mediun dense, non- 
plastic, slightly moist. 

HNu Background 0 0 
OVA Background 1 0 
All readings on cuttings, 
in breathing zone, on 
core, and in augers 0 0, 
unless othcruise noted 
below 

Readings in Auger. 
OVA 4 0 
HNu 1 0 

PAGE t OF 6 
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5 5-7 5' SAMPLE 
Recovered 1 8/2 0' = 90%. 
SAND AN0 GRAVEL same as above 

7 5-9 5' SAMPLE 
Recovered 1 5/2 0' = 75% 
CLAY dark yellowish orange (10 YR 6/61 to pale 
yellouish broun (10 YR 6/21; fine- and mediun- 
grained sands, gravel size- ( 0  20 a n  to 0 75 cm), 
mediun plastic, moderately centented, mediun stiff, 
slightly calcareous, mist 

ARAPAHOE/lARAMIE FORMATION 

9 5-11 5' SAMPLE 
Recovered 1 0/2 0' = 50% 
CLAYSTONE pale yellowish brown (10 YR 6/2) to 
dark yellowish orange (10 YR 6/61, oxide stained, 
massive, homogeneous, moderately cemented, medium 
hard, mediun plasticity, highly ueathered, 
slightly mist 

1 1  5-13 5' SAMPLE 
Recovered 1 2/2 0' = 60% 
CLAYSTONE same as above 

PAGE 3 OF 6 

UTHOLOGIC DESCRIPTION 
CAMPI rs rni I vn-n 

OR UItILK lLSlS 
PERFORMCD 
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- 
t 

a 
'i: 

c- SAfPl FS W l  fCTTP 

PERFORMED 
LITHOLOGIC DCSCRlFTlON OR OTHER KSTS 3 

5% 3 3  cnc 

a 

L----V/A 

18 

19 

13 5-14 5' Drilled uith center bit No sample 
recovered 

14 5-15 5' SAMPLE 
Recovered 1 Of1.0' = 100% 
CLAYSTONE 
phi) 

samC as above, nou more sand (3 5-3 o 

15.5-17 5' SAMPLE 
Recovered 1 7/2 0' = 85% 
SANDY CLAYSTONE light gray (N 7/0) to dark 
yellowish orange (10 YR 6/61, very fine-grained 
sand ( 4  0-3 5 phi), Lou plasticity, moderately 
oxide stained, weakly to moderately cemented, 
mediun hard, homogeneous, massive, blocky, 
slrghtly mist 

17 5-19 5' SAMPLE 
Recovered 1 8f2 0' = 90% 
SANDY CLAYSTONE same as above 

Recovered 1 5/2 0' = 75% 
CLAYSTONE same as above, nou some sand and now 
severely oxide stained 

- 14 5' Readings in Auger. 
OVA 4 0 
HNu 8 0 

15 5' Readings in Auger 
OVA 2 0 
- 
HNu 1 0 

19 5' Readings in Auger 
OVA 4 0 
HNU 55 0 

- 
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WELL NO B206589 LOG OF BOREHOLE PAGE 4 O F 6  

CAMIY rs m i  I rcm 
OR UlHLR ILSTS 

PERFORMED 

21.5-23.5' SAMPLE, 
Recovered 2 0/2 0' 100% 
SANDY CLAYSTONE mediun gray (N 5/0) to mediun 
dark gray (N 4 / 0 ) ,  slvd (3 5-3.0 phi), massive, 
homogamous, medrun hard; blocky; moderately 
cemented, ueakly to moderately consolidated, very 
sandy at 23 4-23 S I ,  m i s t  

23 5-25 5' SAMPLE. 
Recovered 1 6/2 0' = 80% 
CLAYEY SANDSTONE light brown (5 YR 5/6) to pale 
yellowish brown (10 YR 6/21, sand (3.5.3 0 phi) to 
(3 0-2 5 p h i ) ,  ueakly cemented; mediun hard, non- 
plastic to low plasticity, more clay at bottom, 
moderately oxide stained, slightly mist 

25 5-27 5' SAMPLE 
Recovered 1 2/2 0' = 60% 
CLAYEY SANDSTONE same as above 

27 5-29 5' SAMPLE 
Recovered 1.0/2.01 = 50%. 
CLAYEY SANDSTONE same as above 

23 S I  Reading in Auger 
HNu 1 0 
- 

25 5'  Readings in Auger 

HNu 1 0 

- 
OVA 10 0 

25 5-27 5' Reading on 
Core 

27 5' Readings in Auger 
OvA22 0 
HNu 9 0 

27 5-29 5' Reading on 
Core 
HNu 2 2 



WELL NO B206589 LOG OF GOREHOLE 
h c I I 

LITHOLOGIC DESCRIPTION 

3 

29.5-31 5 l  SAMPLE 
Recovered 2 0/2.0' = 100% 
CLAYEY SANDST& pale yellouish broun (10 YR 6/2) 
to dark yellowish orange (10 YR 6/61, streaks of 
light gray (N 7 / 0 ) ,  oxide stained, sand (3 5-3 0 
phi) to (3 0-2 5 phi), massive, homogeneous, non- 
pl8StlC to tow plastic1 ty, moderately cemented, 
moderately ueathered, mist. 

31.5-33 5' SAMPLE 
Recovered 2 012.0' = 100% 
CLAYEY SANDSTONE same as above 

33 5-35 5' SAMPLE 
Recovered 2 0/2 0' = 100% 
33-5-36 5 1  CLAYEY SANDSTONE same as above 
34 5-35 5' CLAYSTONE light broun (5 YR S/6), 
streaks of dark yellouish orange (10 YR 6/61, 
trace of fine-grained sand, Lou plasticity, medium 
hard, moderately consolidated, severely oxide 
stained, slightly mist 

35 5-37 Sr SAMPLE 
Recovered 2 O I 2  0' = 100% - ._ ~ 

CLAYSTONE medium light gray (N 6/01 to mediun 
gray ( W  5 / 0 ) ,  trace of very fine-graind sand, lou 
plasticity, massive, homogeneous, slightly oxide 
stained, moderately consolidated, hard, slightly 
weathered; slightly moist 

6 PAGE 5 OF 

29 5 1  Readings in Auger 
OVA 35 0 
HNu 150 

- 
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e 

37.5-39 5‘ SAMPLE 
Recovered 2.0/2 0’ = 100% 
CLAYSTONE same as above, less iron-staining, 
sl ight ly ueathered to ueathered 

39 5-41 5’ SAMPLE 
Recovered 2 0/2 0‘ = 100% 
CLAYSTONE -SA as above 



LOG OF BOREHOLE 

'-z c 
L 

LlTHOtoGlC DESCRlPTlON 
u u 

s , l  2 
- s g  (3 -I sE z- 

/// - / f -k4  
nofa Plant. 'Landfifi Area 

COORDINATES- -9 !RFP\ 
TOTAL DEPTH 21 7' 

SAMPLES COl LECTED 
OR OMER KSTS 

PERFORMED 

DRIUING COMPANY 80vle3 &others 
D A E  DRILLED Mil 28. 1989 
DRILLING ME11101) Hdow Stem Auaer 
1OGGul BY EM. Hill 

GEOLOGlST 

A 

EORfliOLE/WElL NO - B206689 
GROUND SURFACE W A n O N  5959 31' 
WATEJI LEVEL ENCOUNERED None 

WUER K Parker HUPER R O r r  
DRILLING FLUID None - 
CHECKED BY 4,6 & ~ W T Z ~  

STATIC 1 5.35' (09 /I 9 /89) 

sllE MANAGER 

CEARP MANAGER 

I 

COMMENTS 

TOPS01 L 

0 0-1 7' SAMPLE 
Recovered 1 0/1 7' = 59% 
SILT, SAND AND GRAVEL: grayish broun (5 YR 3/21, 
very fine to coarse-grained sand, fine to coarse 
gravel, subangular, granitic, very Loose, hunic, 
grass and roots, daq 

1 7-2 7' SAMPLE 
Recovered 0 4/1 0' = 40% .. 

1 7-2 05' SILT, SAND AND GRAVEL same as above 
2 05-2 10' SILTY CLAY pale broun (5 YR 5/2), 
moderately plastic, soft, mist 

Recovered 0 4/1 0' = 40% 
GRAVEL, COBBLES AND CLAY pinkish gray (5 YR 8/11, 
mottled uith yellowish gray (5 Y 7/21, clay I S  
plastic, high calcite content, sticky, silt, 
moist; soft 

2.7-3 7' SAMPLE 

ARAPAHOE/LARAHIE FORMATION 

3 7-5 7' SAMPLE 
Recovered 2 0/2 0' = 100% 
SILTY CLAYSTONE light olive gray (5 Y 6/11. 
mottled uith dark yillouish ora,; C i O  YR 6/6jj 
trace very fine to fine-grained sand; 1-2 mn 
lenses of caliche; highly ueathered; very soft, 
moderately plastic, moist. 

HNu Background 0 0 
OVA Background 0 0 
All readings on cuttings, 
core, breathing zone end 
in augers 0 0, unless 
otheruise noted below 

1 7' 
OVA 
- Reading 

1 1  
in Augers 

2 7' Reading in Augers 
OVA 0 4 
- 
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5.7-7 7' SAMPLE, 
Recovered 2 0/2 0' = 100%. 
SILTY CLAYSTONE- brownish gray (5 YR 4/1): mottled 
with dark yellowish orange-(10 YR 6/61; trace very 
fine to fim-grained sand, 1-40 mn lenses of 
caliche, blocky to fissile, highly weathered, very 
soft, moist. 

7 7-9 7' SAMPLE 
Recovered 2.0/2 0' = 100% 
SILTY CLAYSTONE light olive gray (5 Y 6/11, 
mottled with dark yellouish orange (10 YR 6/61, 
trace very fine to fine-grained sand, trace 
organics, few 1-2 mn caliche lenses, blocky, 
fractured, very soft, slightly mist 

9 7-11 7' SAMPLE 
Recovered 2 0/2 0' = 100% 
SILTY CLAYSTONE same as above, few sandy silty 
claystone partings 

11.7-13 7' SAMPLE 
Recovered 2 0/2 0' = 100% 
SILTY CLAYSTONE brownish gray (5 YR 4/11, mottled 
with Light brownish gray (5 YR 6/1) and dark 
yellowish orange (10 YR 6/6), trace very fine to 
fine-grained sand, (< 1 mn) lignite partings, 
iron-filled fractures; blocky, highly ueathered, 
very soft ,  danp 

9 7' Reading in Augers - 
OVA 9 0 



13 1-15 7' SAMPLE 
Recovered 2.012 Of = 100% 
SILTY CLAYSTONE. brownish gray (5 YR W), trace 
very fine to fine-grained sand, trace organics, 
feu iron-filled fractures, trace calci te-f i lled 
fractures; soft, moderately ueathered; blocky, 
moderately plastic; danp. 

15.7-17 SAMPLE. 
Recovered 2.0/2 0' = 100% 
SILTY CLAYSTONE: brownish gray (5 YR 4/11, trace 
very fine to fine-grained sand, occasional lignite 
partings; trace iron-stained fractures, blocky; 
moderately ueathered, damp, soft 

17 7-19 Tf SAMPLE 
Recovered 2 0 / 2  0' = 100% 
SILTY CLAYSTONE same as above, blocky to fissile 

19 7-21.7' SAMPLE 
Recovered 2 0/2 0' = 100% 
SILTY CLAYSTONE mottled light brounish gray (10 
YR 6/1), brounish gray (10 YR 4/11, moderate 
yellouish brown (10 YR 5/41, trace very fine- 
grained sand; trace organics, blocky, moderately 
plastic; moderately ueathered, soft, damp 

I , .  

1535' 

. 
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LITHOLOGIC DESCRlPllON 
SAMPI Fq COllFcTn, 

OR OlHLR TESlS 
PERFORMED 

TOTAL DEPTH = 21 7' 

22 

23 

24 

~ 

_ b  

26 

27 

28 

29 
I 

t 



LOG OF BOREHOLE I 

TOTAL DEPTH 7n n' STA'TIC 11 08'7 

DRllUNG COMPANY- DRILUNG FLU10 N, 
DATE: DRILLED -UJ 
DRILLING MET 
L o r n  BY 

DRILLER K Parker 

EoREHOLE~L  NO B206789 
GRWND SURFACE ELEVAllON 5927 9' 

COORDINATES ff39.836.16 €21.061.34 IRFPI WATER LEVEL ENCWNlERED None 
'09/27/89) 
Iiwm A. B&y - 

ne 
9RQ CHECKED BY dB h w  

HOO H d L  w e r  SflE MANAGER 

EARP MANAGER 

LITHOLOGIC DESCRP'TION 
SAMPLES COLLEClED 

OR OTHER TESTS 
PERFORMED 

ARTIFICIAL FILt 

0 0-2 0' SAMPLE 
Recovered 1 5/2 0' = 75% 
CLAY moderate brown (5 YR 4/41, somc fine to very 
coarse-grained sand, fill, poor sorting, angular 
to subangular, quartzi tes, non-stratif led, 
uncemented, stiff, d i m  plastic, mist 

2 0-4  0' SAMPLE, 
Recovered 1 6/2 0 = 80% 
2 0-2 5'  CLAY. -dusty yellowish brown (10 YR 2/2), 
trace fine to coarse-grained sand; fill, poor 
sorting, subangular, quartzite, non-stratified, 
non-cemented, very stiff, mediun plastic, mist 
2 5-3 1 SAND AND CLAY dark yellowish orange (10 
YR 6/61, trace gravel, mediun to very coarse- 
grained sand: 1-1 cm gravel, poor sorting; 
subangular, grani te-quartzite, non-stratified, 
weakly cemented, poor consolidation; mediun dense, 
low plastic; moist. 
3 1-3 6.CLAY mediun gray (N 5 / 0 ) ,  trace sand to 
s(uKty at shoe, mdiun to very coarse-grained sand, 
fill, poor sorting; subangular; quartzose, 
slightly stratified, blocky, ueakly cmmted, high 
to mediun plastic, abundant calciun carbonate; 
moist. 

HNu Background 0 0 
OVA Background 0 0 
Explosimetcr Background 
0 0  

All readings on cuttings, 
in breathing zone, on 
care, and in augers 0 0, 
unless otherwise noted 
below 

TRIP BANK SAMPLE 
7805238898 

0 0-3  0' SAMPLE 
LF0989BR0003 

0 0-1 5' SAMPLE 
(VOAs only) 
LF0989BR0002 

1 5-4 0' Reading in 
Auger 
OVA 10 

UWm PAGE 1 0 F . S  



KLL NO B206789 LOG OF BOREHOLE 

i d  Y 0 

8 33 i5E 

t 
UTHOLoGlC DESCRmnON 

jE- 

4 0-6 0' SAMPLE, 
Recovered 1 912 0' = 95%. 
4 0-4 8. CLAY 
fill. 

same as-above uith some gravel, 

ARAPAHOE/LARAMIE FORMATION 

4.8-5 9 CLAYSTONE- mcdiun gray (N 5 / 0 )  to dark 
yellowish orange (10 YR 6/61 color due to banding 
and marbling by iron oxide staining, non 
stratified, blocky, poorly cemented, mediun hard, 
weathered, mediun-high plastic, trace calciun 
carbonate, mist 

6 0-8 0' SAMPLE 
Recovered 2.0/2 0 = 100% 
CLAYSTONE light olive gray (5 Y 5/2) to dark 
yellouish orange (10 YR 6/61, some to trace very 
fine to fine-grained sand, rounded, well sorted, 
non stratified, blocky, ueathered, mediun hard to 
hard, tnediun high to high plastic, abundant iron 
oxide staining, mist 

8 0-10 0' SAMPLE 
Recovered 2 0/2 0' 1 100% 
8.0-8.3' SANDSTONE dark yellowish orange (10 YR 
6/61 to Light gray (N 7/01, some clay, fine- 
grained sand, well sorted, rounded, non 
stratified, banded uith iron oxide staining, 
slightly to poorly cemented, moderately to poorly 
consolidated; mediun hard, ueathered, Lou plastic, 
mist. 
83-10 0' CLAYSTONE. olive gray (5 Y 4/1) banded 
dark yellouish orange (10 YR 6/6), trace silt, non 
stratified, homogeneous, blocky, well 
consolidated, ueakly cemented, sightly ueathered, 
mediun to high plastic, iron oxide staining in 
part, mist. 

10 0-12 0' SAMPLE 
Recovered 2 0/2 0' = 100% 
CLAYSTONE same as above, mediun gray (N 5/01 and 
banded dark yellouish orange (10 YR 6/6) 

12 0-14 0' SAMPLE. 
Recovered 2 0/2.0' = 100%. 
CLAYSTONE same as above; d i m  gray (N 5/01 to 
light olive broun (5 Y 4 / 4 )  uith dark yellowish 
orange (10 YR 6/6) mottling 

4 0-5 9' SAMPLE 
(VOAs only) 
LF09898R0406 

4 8-10 8' SAMPLE 
LFO989EROSll 
LF0989ER0511D 

- 5 9-6 0 Reading in Auger 
OVA 10 

4 8-8 0 Reading in Auger 
OVA 5 

8 0-10 0' SAMPLE 
(VOAS only) 
LF0989BR0810 
LF0989BR0810D 

10 8-16 8' SAMPLE 
Lf0989BR1117 
LF0989BR1117fB 

12 0-14 0' SAMPLE 
(VOAs only) 
L I: 0989BR 1214 
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WLL NO B206789 LOG OF BOREHOLE PAGE 3 OF -C, 

14.0-16 0' SAMPLE. 
Recovered 2 0/2 0' * 100% 
CLAYSTONE. same as above, mediun gray (N 5/01 to 
light olive gray (5 Y 5/21 with occasional bands 
of iron oxide staining 

16.0-18 Of SAMPLE 
Recovered 2.012 0' ?+ 100% 
CLAYSTONE same as above, mediun dark gray (N 6/01 
uith dark yellowish orange (10 YR 6/6) ,  iron oxide 
s ta 1 ni ng 

18 0-20 0' SAMPLE 
Recovered 2 0/2 0' = 100% 
18 0-18 4' CLAYSTONE S a m  as above 
18 1-19 2' CLAYSTONE dark yellouish orange (10 
YR 6 / 6 )  to light broun (5 YR 5/61, very mottled, 
some fine to very fine-grained sand, non 
stratified, somc platiness due to iron oxide 
cementation; ucll consolidated, hard, ueathered; 
mist 
19 2-20 0' CLAYSTONE same as 18 0-18 I , ,  light 
olive brown (5 Y 5/61 to mediun gray (N 5/01 

20 0-22 0' SAMPLE 
Recovered 2 01'2 0' = 100 % 
CLAYSTONE mediun dark gray (N 4/01 to moderate 
olive broun (5 Y 4/41, banded coloring, trace of 
iron staining, non stratified, blocky, TKM 
cemented, welt consolidated, high plastic, hard, 
slightly ueathered, mist 

16 0-18 0' SAMPLE 
(VOAs only) 
LF0989BR1618 

. 



I '  ~ ~ I ~ z ~ ~ ~  22.0-24 0 SAMPLE 
Recovered 2 0/2 0' = 100% 
CLAYSTONE same as above, light olive gray (5 Y l----r//A 5/21 to mediun gray (N 5/01 

22~~-~-~~,~ 24 0-26 0' SAMPLE 
Recovered 2 0 / 2  Of = 100% 
26 0-25 6' CLAYSTONE same as above, dark gray (N 

25.6-16 0' CLAYSTONE same as above, tight ollve 
brown (5 Y 5/6) to dark gray (N 4 / 0 ) ,  banded due 
to iron oxide staining. 

26 0-28 0' SAMP E 

CLAYSTONE same as above, light olive brow (5 Y 
~ ~ ~ - ~ - ~ ~ / ~  Recovered 2 O/:O' = 100% 

I-----f//A 5/6) grading to olive/black (5 Y 2/1) 



NO B206789 LOG OF UOREtiOLC PAGE s OF ?, 

LlTHOLOGlC DCSCRlPTlON 

28 0-30 0' SAMPLE - - -  
Recovered 2 0/2 0' = 100%. 
CLAYSTONE same as above, l ight  ol ive brown (5 Y 
5/6) to fnediun dark gray (N 4 / 0 )  

TOTAL DEPTH 5 30 0' 



LOG OF BOREHOLE 

LOCAT~ON 
COORDINATES N39.83869 f21.68 446 (RW) WATER L M L  ENCWTERED None 

&Y flats - Plant, Landfill Area GROUND SURFACE ELEVAION 5917.09' 

TOTAL DEPTH 195' STATIC i4.7q1(Wl 

DATE: DRILLED AP 
DRILLING MEmi 
LOGGED BY EM: 

mnLm K 
DAtlUNG COMPANY Bodes Brothers DRILLING FL\ 

!18/89) 
Parker HELPER R O r r  

110 None 
. d 26 and 27, 1989 CHECKED BY 4,d' &WM J 

SIX MANAG€R 30 Hdlow Stem Auger 
Hal 
,.I. 

GEOLOGIST EARP MANAGER 
COMMENTS 

n I I 

LlTHOLOGlC DESCRIPTION 
SAMPlES COLLECTED 

PERFORMED 
OR o n m  TESTS 

COLLUVIUM 

0 0-1 5' SAMPLE 
Recovered 0 0/1 5' = 0% 

Note- 2 5' cobble in shoe, no sample recovered 

1 5-3 5' SAMPLE 
Recovered 2 0/2 0, = 100% 
1 5-3 0' SILTY CLAY dark yellouish broun (10 YR 
4/21: sane very fine-to mediun-grained subangular 
sand, fine roots, stiff denp 

ARAPAHOE/LARAMIE FORMATION 

3 0-3 5'  SILTY CLAYSTONE brounish gray (5 YR 
4/1), laminated, frequent lignite layers, *1 mn, 
occasional calcite streaks, abundant iron- 
s tat ni ng 

3 5-5 5'  SAMPLE 
Recovered 2 0/2 0' = 100% 
SILTY CLAYSTONE some very fine- to fine-grained 
sand at bottom of sanple, blocky fractures, highly 
ueathered, very soft, extensive iron-staining 
decreasing with depth, Lignite layers, 4 m to 5 
m 

HNu Background 0 0 
OVA Background 0 0 

All readings on cuttings, 
on core, in breathing 
zone, and in augers 0 0, 
unless otheruise noted 
belou 

Readings in Auger 
OVA 0 6 

3 5-5 5 ,  Readings on 
Core 
HNu 0 2 

PAGE t OF 3 



WELL NO B206889 LOG OF BOREHOLE PAGE 3 OF 

5 5-7 5' SAMPLE 
Recovered 2 0/2 0' = 100% 
SILTY CLAYSTONE soma very fine-to fine-grained 
sand; angular; quartz; blocky fractures, highly 
ueathered; very soft; occasional iron-stained 
fractures, few lignite layers (4 mn) 

7 5-9 5' SAMPLE 
Recovered 2.0/2 0' = 100% 
SILTY CLAYSTONE. brownish gray (5 YR 4/11, trace 
to soma very fine- to fine-grained sand, laminated 
to no visible bedding; highly ueathered, very 
soft; occasional iron-stained fractures, very feu 
thin organic streaks, damp 

9 5-11 5' SAMPLE 
Recovered 2 0/2 0' = 100% 
SILTY CLAYSTONE brounish gray (5 YR 4/1), trace 
to soma very fine to fine-grained sand, layer of 
extremely ueathercd sandstone, heavy iron- 
staining, continuous iron-filled fractures, blocky 
to laminated, moderately ueathered, very soft, 
damp. 

Recovered 2 0/2 0 ,  = 100% 
SILTY CLAYSTONE brounish gray (5 YR 4/1) ,  trace 
very fine-grained sand, continuous iron-filled and 
very thin carbon-filled fractures, slightly 
neathered, soft 

Readings in Auger 
HNu 0 4 
OVA 6 0 

7 5-9 5' Readings on 
core 
OVA 0 4 
HNU 0 2 

9 5' Readings in Auger 
HNu 105 
OVA 8 0 

- 



WEUNO -9 LOG OF BOREHOLE 
A I I 

13.5-14 5, SAMPLE 
Recovered 1 0/1 0, = 100% 
SILTY CLAYSTONE brownish gray (5 YR 4/11, trace 
very fine-grained sand, feu continuous iron-filled 
fractures, moderately ueathered, soft, damp 

14 5-16 5' SAMPLE 
Recovered 2 0/2 0 ,  = 100%. 

---I,' / / I  

SILTY CLAYSTONE brounish gray (5 YR 4/11, some 
very fine to fine-grained sand, 0 3, zone of 
laminated severely weathered sandier claystone, 
few continuous iron-filled fractures, moderately 
ueathered; soft, demp. 

16 5-18 5' SAMPLE 
Recovered 2 0 / 2  0' = 100% 
SILTY CLAYSTONE trace to sane very fine to fine- 
grained sand; grain size increasing uith depth to 
sandy silty claystone, blocky, feu iron-filled 
fractures, moderately ueathered, grading to highly 
ueathered uith extensive fractures; iron-mottling, 
friable, trace organic spots in fractures, soft to 
very soft; danp. 

18 5-19 5 '  SAMPLE 
Recovered 1 0/1 0, = 100% 
SILTY CLAYSTONE brounish gray (5 YR Ul), trace 
to some very fine to fine-grained sand, thin sand 
partings, top strongly ueathered, fractured, 
friable, very soft grading to moderately 
ueathered; blocky, feu iron-fiLLed and organic- 
filled fractures, soft, damp 

TOTAL DEPTH = 19 5, 

1479' 



LOG OF BOREHOLE 
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SAMA ES COI I ECT€D W 2 i d  Q W  LITHOLOGIC oEwmw OR Onlm KSTS ig3 3E PERf ORMEO 

LOCAT~QN 
COORDINATES N . _. . - 
TOTAL DEPTH 73.6' 

h c k v  Flats Plant. Landfill Area 
40 1SQ 69 F21.739.6 7 lWl 

DRILLING COMPANY- Brothem 
DATE DRILLED Aaril 19. 1989 
DRILLING METHOO Hdlow Stem Auaer 
LOGGED BY R. T Treat 

GEOLOGIST 

9 
5882 42' 

BOREtIOLE/WELL NO B206989 
GROUND SURFACE ELEVAnON 588242' 
WATER LEVEL ENCOUNTERED 

DRllLrR K Parker HELPER R Orr 
DRILLING FLUID None, 
CHECKED BY d B . w & N  A 

STATlC 18 42' (09/18/89) 

fl Sllf MANAGER 

- 
STATlC 18 42' (09/18/89) 

DRllLrR K Parker HELPER R Orr 
DRILLING FLUID None, 
CHECKED BY d B . w & N  A 

fl Sllf MANAGER 

CEARP MANAGER 
COMMENTS 

0 0-1 6' SAMPLE, 
Recovered 1 W1.6' = 94% 
0.0-0 8 ,  CLAY grayish broun (5 YR 3/21. s u m  
gravel (1 75 to 2 50 cm); subrounded and 
subangular, Lou plasticity; weakly cemented, 
poorly consolidated, abundant roots; mist 

VALLEY FILL ALLUVIUM 

0 0-1 5' CLAY pale broun (5 YR 5/21 to pale 
yellowish broun (10 YR 6/2), some gravel, nunerous 
roots, mediun plasticity, weakly cemented, poorly 
consolidated, moist 

1 6.3 6' SAMPLE 
Recovered 2 0/2 0' = 100% 
CLAY moderate brown (5 YR 3/4), somc gravel to 
gravelly at bottom of sanple, gravel (1  25 to 2 50 
cm), subangular and subrounded, mediun plasticity, 
moderately cmnted, mediun stiff, mist to very 
mist at 3 4 to 3 6' 

3 6-5 6, SAMPLE 
Recovered 2 0 / 2  0, = 100%. 
CLAY pale yellouish broun (10 YR 6/21 to pale 
brown (5 YR 5/2), scine granitic and quartzite 
gravel, gravelly tense at 4 1' to 4 3' ,  ( 0  75 to 
1 50 cm), subrounded; subangular, few scattered 
roots, slightly oxide-stained, mediun plasticity, 
moderately cancnted, moderately consolidated, 
mist. 

HNu Background- 0 0 
OVA Background. 0 0 

A11 readings on cuttings, 
on core, in augers, and 
in breathing zone 0 0, 
unless otherwise noted 
belou. 

4 )AGE I OF 



iNEU NO R 7 w Q R O  LOG OF BOREHOLE PAGE 3 ~JF 4 

SANPl FC. rnll F W P  

PERFORMED 
OR OTHER rtsis 

5 6-7 6' SAMPLE 
Recovered 2 0/2 0' = 100% 
5 6-6.0'. SANDY CLAY. same as above, fine-grainad 
sand. 

ARAPAHOE/LARAMIE FORMATION 

6 0-7 6' SANDY CLAYSTONE. pale yellowish brown 
(10 YR 6/2), light brown (5 YR 5/6); fine-grolnad 
sand (3/0-2 5 ph i) ,  weakly ccnmted; low 
plasticity; lignite pockets; mssive; homogcncous, 
mediun hard, oxidc stained, weotherad, slightly 
MlSt 

7 6-9 6' SAMPLE, 
-0' = 100% 
SANDY CLAYSTONE s a  as above. 

9 6-11 6' SAMPLE 
Recovered 2 0/2 0' = 100% 
SANDY CLAYSTONE. same as above 

1 1  6-13 6' SAMPLE 
Recovered 2.0/2.0' = 100% 
SANDY CLAYSTONE SBrm OS above 

13 6-15 ' SAMPLE 
= 90% .. ~ 

SANDY CLAYSTONE pale yellowish brown (10 YR 6/2) 
to grayish orange pink (5 Y R  7/2) and pale brown 
(5 YR 5/2),  fine-grained sand (3 5-2 5 phi), vcll 
sorted, low plasticity, ueakly cemented; Iaassive, 
homogeneous, poorly consolidated, mediun hard, 
weathered, slightly moist 

8 6' Reading in Auger - 
HNU 0 4 



nmL NO B206989 LOG OF BOREHOLE PAGE 3 OF 

15.6-17 6'SAMPLE 
Recovered 2 0/2.0' = 100%. 
CLAYSTONE. d i m  Light gray (N 6/01, massive, 
hanogeneow, moderately cemented, mediun hard to 
hard; medim plasticity, occasional thin oxide 
streaks or strings, blocky, slightly ueethered, 
slightly moist 

17.6-19 6' SAMPLE 
Recovered 2 0/2 0' = 100% 
CLAYSTONE. same above 

19 6-21 6' SAMPLE 
Recovered 2 0/2 0' = 100% 
CLAYSTONE SA as above 



v 

B 
31.6-23 6' SAMPLE, 
Recovered 2.0/2 0' = 100%. 
CLAYSTONE same as above 

- - -  

TOTAL DEPTH = 23 6' 

SAhPLt3 COLLECTED 

PERFORMED 
2 LITHOLOGIC OESCRlPllON OR OIHER lLSlS 

0 z a  
8 2  SE 



LOG OF BOREHOLE 

- 
t 
ZE 
x 
Y 

OABY/DATE ? d i ? ~ , & q u l r a . w . / /  I-)$ 
LOCATlON R&kv flats Plant. Landfill Area 
COORDINAES N40,118 58 E21,74154 (RfW 
TOTAL DEPTH 60.0’ 

SAMPLES COLLECTED 
LITHOLOGIC DESCRIPTION OR OTHFR ESTS “ Y  

4 8  PCRFORMED 8 ,  
E +J 

DRILUNC COMPANY -s 
DATE DRILLED And 21 -24.89 
DRILLING METHTHOO Hdlow Stem A y ~ e r  
LOGGED ey R T. Treat 

GEoLOaST 

EOREHOLE/W~L NO B207089 
GROUND SURFACE ELEVATION 588307’ 
WATER LEML ENCOUNTERED 500’ 

CEARP MANAGER 
COMMENrS 

TOPS01 L - 
0.0-1 5’ SAMPLE 
Recovered 1 5 /1  5 ’  = 100% 
0.0-0.5’.  CLAY grayish broun (5 YR 3/21, some 
gravel, ueakly cemented, poorly consolidated, lou 
plasticity, abundant roots, slightly motst. 

0 5-1 5 ’  CLAY dusky broun (5 YR 2/21 to moderate 
broun (5 YR 4/41, some gravel; (0 50 to 2.50 cm), 
angular and subangular, granitic and quartzite, 
mediun plasticity, ueakly cemented, moderately 
consolidated, stiff, mist 

1 5-3 5’ SAMPLE 
Recovered 2 0/2 0’ = 100% 
CLAY moderate yellouish broun (10 YR 5/4) to 
light broun (5 YR 5/6), trace fine-grained sand, 
calcareous pockets, trace gravel; mcdiun 
plasticity, moderately consolidated, moderately 
cemented, stiff, feu roots, slightly mist 

3 5-5 5’ SAMPLE 
Recovered 2 0/2 0‘ 100% 
CLAY moderate broun (5 YR 4/4) to light brow (5 
YR 5/6) to moderate yellouish broun (10 YR 5/41. 
some fine-grained sand (3 0-2 5 phi). LOU 
plasticity, moderately cemented, moderately 
consolidated, lignite blotches, calcareous 
streaks, stiff, slightly mist 

HNu Background 0 0 
OVA Background 0 0 
All readings on cuttings, 
on core, in breathing 
zone and augers 0 0, 
unLess otherwise noted 
belou 

Readings in Auger 
HNu 0 8, 
OVA 2 0 

511. Readings in Auger 
HNU 1 4 ,  
OVA 12 0 

PACE i OF 8 
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SAMR ES COI ITCTED 

PERFORMED 
LllHOLOGlC DESCRlPTlON OR OTH€R TLSIS Iz 3 € 2  Q 

-=a z e  8 5  mE 

5 5-7.5' SAMPLE 
Recovered 2 0/2 0' = 100% 
5 5-6.0' SANOY CLAY same as above 

ARAPAHOE/LARAMIE FORMATION 

6 0-7.5' CLAYSTONE pale yellowish brown (10 YR 
6/21, light broun (5 YR 6/41; pale brown (5 YR 
5/21; some fine-grained sand (3 0-2.5 phi), low 
plasticity; moderately cemented to weakly 
cemented, mediun hard, Lignite strings and 
blotches; ueathered, slightly mist. 

7 5-9.5' SAMPLE 
Recovered 2 0/2 0' = 100% 
SANOY CLAYSTONE same as above, more sand 

9 5-11 5' SAMPLE. 
Recovered 2.0/2.0' = 100%. 
SANDY CLAYSTONE pale yellouish brow (10 YR 4/21 
and pale brown (5 YR 5/21, some streaks light 
broun (5 YR 5/41, finegrained sand (3 0-2 5 phi), 
weakly cemented, poorly consolidated, some oxide 
stained streaks, massive, hunogeneous, uerthcred, 
slightly mist 

1 1  5-13 5' SAMPLE 
Recovered 2 0/2 0' = 100% 
CLAYSTONE light gray (N 7/01 to mediun light gray 
( N  6/0), some finc-grained sand (3 5-3 0 phi), Lou 
plasticity, massive, hcmogeneous, hard, moderately 
consolidated, slightly ueathcred, slightly mist 

7.5' Readings in Auger 
HNu 1 0, 
OVA 10 

Readings in Auger 
HNu. 5 0, 
OVA. 48.0 

Readings in 
Breathing Zone 
HNu 2 2, 
OVA 6 0 



NO B207089 LOG OF BOREHOLE PAGE 3 OF 8 

13 5-15.5' SAMPLE 
Recovered 2.0/2 0, = 100% 
CLAYSTONE same as above 

15 5-17 5' SAMPLE 
Recovered 2 0/2 0' = 100% 
SANDY CLAYSTONE pale yellouish brow (10 YR 6 / 2 )  
to mediun light gray (N 6/01, mediun plasticity, 
moderately cmnted, mediun hard, slightly 
weathered--thin streaks or blotches, slightly 
m i s t  

17 5-19 5' SAMPLE 
Recovered 2 012 0' = 100% 
SANDY CLAYSTONE same as above, damp 

19 5-21 5 '  SAMPLE 
Recovered 2 0/2 0' = 100% 
SANDY CLAYSTONE same as above, less sand. 

2082' 

, 



WELL NO B207089 LOG OF BORtl-iOLE PAGE 4 O F 8  

21.5-23 5' SAMPLE 
Recovered 2 O/2.Or = 100% 
SANDY CLAYSTONE. pale yellowish broun (10 YR 6/21. 
pale broun (5 YR 5/2) to mediun light gray (N 
6/01, fine- (4.0-3 5 phi) to very fine-grained 
sand (3 5-3.0 phi); low plasticity; weakly to 
moderately cemented, poorly consolidated, hard, 
massive, homogeneous; blocky in lenses, weathered, 
q. 
23 5-25 5' SAMPLE, 
Recovered 2 0/2 0' = 100% 
SANDY CLAYSTONE. same as above; moderate broun (5 
YR 3/41 to pale brow (5 YR 5/21, less sand, 
moderately oxide stained 

25 5-27 5' SAMPLE 
Recovered 2 0/2 0 = 100% 
SANDY CLAYSTONE same as above, less oxide 
s ta i ni ng 

27.5-29 5' SAMPLE 
Recovered 2 0 / 2  0 ,  = 100% 
SANDY CLAYSTONE same as above, mediun light gray 
(N 6/01, moderately cemented, uell consolidated, 
low to mediun plasticity, slightly damp 



n 

t 

!2 
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L----V/A 

0 SAMPLES Pfll I FCTED 

23 Cng $2 PERFORMED 
2 LITHOLOGIC DESCRlPTlON OR OlHLR TESTS 

29 5-31 5' SAMPLE 
Recovered 2 0/2 0' = 100% 
SANDY CLAYSTONE. mcdiun dark gray (N 4 / 0 )  to 
rncdiun light gray (I 6/01, fine-grained sand (3 5-  
3 0 phi), Lou plasticity, hard, moderately 
cemented, uell consolidated, blocky, massive, 
homogeneous, unueathered, dry 

Recovered 1 2/2.0' = 60%. 
SILTSTONE AND SANDSTONE: diun dark (N 4/01  to 
medim tight gruy (N 6/0); fine-grained sand (6 0- 
3.5 phi 1; moderately cmnted; non-plastic; ueakly 
consolidated, hard; massive; slightly damp. 

33 5-35 5' SAMPLE, 
Recovered 1 0/2.0' = 50% 
SILTSTONE AND SANDSTONE same as above 

31.5-33.5' SAMPLE 

35 5-37 5' SAMPLE 
Recovered 1 5/2.0' = 75% 
SILTSTONE AND SANDSTONE. mediun dark gray (N 4 / 0 )  
to mediun light gray (N 6/01. very fine grained- 
sand (4.0-3.5 phi) with thin clenn sandstone 
streaks (0 3 n), non-plastic, moderately 
cemented, hard, massive, uell consolidated, dry 



E W 
LITHOLOGIC DESCRlPllON '3 

L 

37.5-38 5' SAMPLE 
Recovered 1 0/1 0' = 100% 
SANDSTONE AN0 SILTSTONE same as above, more sand 
(approximately 60%) ui th approximately 40% fines, 

SAMPl ES COLLECTLD 
OR OTHER TESTS 

PERFORMED 

--- '- Y / A  ---VA I_ 

slightly damp 

Recovered 0 0/1 0' = 0% 

Recovered 0 0/2 0' = 0% 

41 5-42 5' SAMPLE 
Recovered 0 0/1 0' = 0%. 

42.5-43 5' SAMPLE 
Recovered 1 0/1 0' = 100% 
SANOY SILTSTONE. medlUn gray (N 5/0 

38 5-39 5' SAMPLE 

39 5-61 5' SAMPLE 

to medlun 
dark gray (N 4 / 0 ) ;  very fine-grained sand (3 0-4 0 
phi ); massive; homogeneous, very hard; moderately 
cemented, moderately consolidated, unnwathered, 
slightly damp. -===== 
63.5-45 0' SAMPLE 
Recovered 1 5/1 5' = 100% 
SANDY SlLTSTONE- same as above; thin lenses 
sandstone; more lignite strings and pockets, 
slightly damp. 

65 0-46 0' SAMPLE 
Recovered 1 0/1 0' = 100%. 
SANOY SILTSTONE same as above. 
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46.0-47.0 SAMPLE, 
Recovered 1 0/1.0' = 100% 
SANDY SILTSTONE. same as above 

47 0-48 08  SAMPLE 
Recovered 1 0/1 0' = 100% 
SANDY SILTSTONE. same as above 

48 0-49.0' SAMPLE 
Recovered 1 0/1 0 ,  = 100% 
SANDY SILTSTONE. same as above, more very fine- 
grained sand. 

Note- 49 0-49 5'-  D r i l l e d  with center b i t  No 
sample recovery 

49 5-51 5' SAMPLE 
Recovered 2 O / t  0' f 100% 
SANDSTONE AND SILTSTONE dark gray (N 3/01 t o  
grsyish black (N 2/01, f ine-grained sand (3 0-3 5 
phi), massive, l i g n i t e  pockets, homogeneous, Lou 
t o  mm-plast ic i ty ;  ueakly consolidated, medium 
hard, m i s t  t o  Yet tense a t  SO', saturated for  
Less than 0.1' 

_ _ -  - _-  
SILTSTONE AND. SANDSTONE same as above, more s i  t t. 
s l i g h t l y  moist 

52 5-53 5' SAMPLE 
Recovered 1 0/1 0' = 100% 
SANDY SILTSTONE same as above, less sand, damp. 

Reading in Auger 
HNU 0 0, 
OVA 2.0 Ppn 



a 
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53 5-51 5' SAMPLE 
Recovered 1 0/1.0' = 100% 
SANDY SILTSTONE. same as above, slightly damp 

51 5-55 5' SAMPLE, 
Recovered 1 011 0, = 100% 
SANDY SILTSTONE dark gray (N 3 / 0 )  to grayish 
black (N 2/0), finc-grained sand; massive, hard 
Lenses, lignite strings and pockets: weekly 
consolidated, moderately cemented, danp 

55.5-56 5' SAMPLE. 
Recovered 1 0/1 0, * 100%. 
SANDY SILTSTONE. same as above. 

56 5-57 5' SAMPLE 
Recovered 1 0/1 0, 100% 
SANDY SILTSTONE same as above 

57 5-58 5, SAMPLE 
Recovered 1 0/1 0 ,  = 100% 
SANOY SILTSTONE same as above, 

58 5-59 0' SAMPLE 
Recovered 0 5/0 5' = 100% 
SANDY SILTSTONE same as above, more clay 

59 0-60 0 ,  SAMPLE 
Recovered 1 0/1 0' = 100% 
SANDY CLAYSTONE dark gray (N 3/01, grayish black 
( N  2/0), blocky, mediun plasticity; mediun hard, 
homogeneous, massive, fine-grained sand: damp 

TOTAL DEPTH = 60 0' 

PAGE 8 OF 8 
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QA BYDATE A&m&€/ I/-/ 8-87 BOf?EHOLE/WnL NO B207189 
LOCAllQN v flds Plant. Londfill Area CRWND SURFACE ELEVATlON 58848' 
COOROMAES N40.107 10 €21,741 74 (RFP) WATER L E V n  ENCOUNKREO None 
TOTAL DEPTH 359.0' 

DRILLING COMPANYhvles Rrot hers water 
DATE DRILLED 
DRILLING NTH 
L O W  BY E-M Hili, H G Bienkowski 

COMMENTS 

STATIC 31 43' (09/08/89) 
ORklER P Mcsa P Budbvdrt HELPtR R (h: H M c ~ n e  

I 

GEOLOGIST CEMP MANAGER 
Surface c m a  set at 28 feet belo w around surfoce on 4/75/8 9 bv E.M lhll 

SAMPLES COLLECTED 
LITHOLOGIC DESCRIPTION OR OTICR KSTS u 2 B + g3 SE PERFORMED 

I 

2 

TOPSOI l& 

0 0-1 5' SAMPLE 
Recovered 1 511 5' = 100% 
0.0-0 6' CLAYEY SILT dusky broun (5 YR 2/21, 
trace fine to coarse angular gravel, firm, 
unconsolidated, 1 mn fleck of clayey materrat-- 
dusky blue (5 PB 3/2), danp. 

COLLUVIUM 

0.6-1.5'. CLAYEY SILT dusky yellouish broun (10 
YR 2/21, trace fine to coarse angular quartz and 
granite gravel, stiff, no bedding; massive, 
abundant fine roots, danp 

1 5-3 5' SAMPLE 
Recovered 2 0/2 0' = 100%. 
1.5-2.6'. SILTY CLAY dusky yellouish broun (10 YR 
2/2); sane angular or granitic fine to coarse 
gravel, cobbles; mottled, stiff, damp 
2 8-3 5' GRAVEL AND COBBLES granitic, mediun- to 
very coarse-grained, angular, dry, 0 2' layer of 
very stiff silty clay--damp 

Note 3 5-4 5' Drilled uith center bit No sample 
recovered 

4 5-5 5' SAMPLE 
Recovered O.4/1.Of = 40%. 
SILTY CLAY- light olive gray (5 Y 5/2); swte fine 
to coarse subangular to angular gravel, granitic, 
highly mottled uith orange, 1-2 mn black flecks, 
spots, firm, moderately plastic; mist 

HUU Background 0 0, 
OVA Background 0 0, 

All readings on cuttings, 
core, in breathing zone 
and in augers 0 0, 
unless otherwise noted 

- 3 5' Reading in Auger 
OVA. 2 0 

33 'AGE I OF 
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& E gfw LITHOLOGIC DESCRIPTION 

B 625 SE 

5 5-7 5' SAMPLE, 
Recovered 2.0/2.01 = 1OoX. 
SILTY CLAY AND CLAY moderate yellouish broun (10 
YR 5/4); medium gray (N 5/01, trace very fine- 
grained sand, calcareous streaks, thin 
carbonaceous streaks, stiff, moderately to highly 
plastic, Laminated, damp 

ARAPAHOE/LARAMIE FORMATIOy 

7.1-7 5'.  SILTY CLAYSTWE AND CLAYSTONE moderate 
yellowish broun (10 YR 5/41, mediun gray (N 5/01, 
trace very fine-grained sad--increasing with 
depth; frequent e0 5 ~ITI lignite layers, very soft, 
extremely weathered, laminated; heavy iron- 
staining. 

7 5-9 5' SAMPLE. 
Recovered 2.012 0' = 100% 
SILTY CLAYSTONE TO SANDY SILTY CLAYSTONE dark 
yellowish broun (10 YR 4/21, trace to somc very 
fine- to fine-grained subangular sand, fining 
ward, orawe iron streaks, frequent Lignite 
streaks, calcareous pods and streaks, extremely 
weathered; damp 

9 5-11 5' SAMPLE 
Recovered 2 0/2 0' = 100% 
SILTY CLAYSTONE sane very fine- to fine-grained 
sad, heavy iron-staining; very thin lignite 
Laminations, stiff; mcderately plastic, clay 
layers, very soft; highly weathered, damp to 
mist 

1 1  5-13 5' SAMPLE 
Recovered 2.0/2 0' = 100% 
SILTY CLAYSTONE brounish gray (5 YR 4/11, trace 
very fine-grained sand; soft; slightly ueathered, 
blocky, few fractures throughout, iron and gypsun 
filled; damp 

PAGE.-. OF 33 
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13 5-15 5' SAMPLE 
Recovered 2.0/2 0' = 100% 
SILTY CLAYSTONE: same as above. trace very fine- 
grained sand. 

15 5-17 5' SAMPLE. 
Recovered 2 0/2 0' = 100% 
SlLTY CLAGTONE brokish gray (5 YR 4/1)' trace 
very fine-grained sand, soft, slightly weathered, 
blocky, more frequent fractures; iron-fi lled, zone 
of silty clay, saw sand, laminated, highly 
weathered, trace organic flecks, damp 

17 5-19 5' SAMPLE, 
Recovered 2 0 /2 .01  = 100%. 
SILTY CLAYSTONE. same as above, trace very fine- 
to fine-grained sand, moderately to slightly 
weathered, increasing to some sand at 19-19 5' 

19 5-21 5' SAMPLE 
Recovered 2.012.0' = 1OOZ 
SILTY CLAYSTONE- dark yellowish brown (10 YR 4/2); 
trace to some very fine-grained sand, angular; 
laminated to Lenticular; highly ueathered, 
crunbly, iron-staining in streaks, danp 

19 

19 5-21 5' Reading on 
Core- 
HNu 2 2 
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OR OTHER TESTS 

PERFORMU) 

I led fractures, 

21.5-23.5' SAMPLEz 
Recovered 2.0/2.0' = 100%. 
SILTY CLAYSTONE: light brownish gray (10 YR 6/11 
to pale ydtouish broun (10 YR 6 / 2 ) ,  trace very 
fine- to fine-grained sand, angular, blocky to 
Laminated, iron-stained fractures, very soft, some 
mottling; danp 

p . 5 - 2 5  5' SAMPLE, 
Recovered 2 0/2 0' = 100% 
SILTY CLAYSTONE. brounish gray (5 YR 4/11, some 
very fine- to fine-grain4 sand, blocky, iron- 
filled fractures; trace 1 mn lignite streaks: 
slightly weathered, soft, damp 

25 5-27 5' SAMPLE. 
Recovered 2.012 0' = 100% 
SILTY CLAYSTONE- dark yellouish broun (10 YR 4/2), 
trace very fine-grained sand, abundant fractures 
with iron-staining, moderately ueathered, blocky, 
crunbly; soft, damp. 

27 5-29 5' SAMPLE 
Recovered 2.0/2 0' = 100% 
SILTY CLAYSTONE TO SANDY SILTY CLAYSTONE S a m  as 
above; mediun dark gray (N 4/01, trace fine sand, 

5/01, slightly grading to mediun gray (N 
weathered; soft; feu iron-f 
slightly danp. 

21.5-23.5' Reading on 
Core 
OVA. 0 2 
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29 0-33 0' SAMPLE 

RQD 2 6/3/lt = 84%. 
29 0-30.3' CLAYSTONE dark yellouish broun (10 YR 
C/Z), homogeneous; firm to mderatety hard, no 
reactim to HC1, damp 
30 3-32 6'. CLAYEY SILTSTONE* medrun dark gray (N 
4 / 0 ) ;  hcfmgentowr except for an organic rich 
claystom 31.65-31.9'; trace very f ine-grained 
s a d ;  mo1st. 

- Recovered 3 1/4 0' = 78%. 

33 0-36 0' SAMPLE 
Recovered 4 1/3 0' = 137% 

32.1-33 4' CLAYSTONE, olive gray (5 YR 4/11 and 
mottledl homogeneous, trace mediun nodules, soft, 
plastic, no reaction to HCL, danp 
33 4-36 0' SILTSTONE mediun dark gray (N 4/01, 
homogeneous, trace very fine-grained sand, trace 
clay; no reaction to HCI, danp 

36 0-37 0 SAMPLE 
Recovered 1 1/1 0' = 110%. 
RPD 0 75/1.1t = 68% 
CLAYEY SlLTSTONE. mediun dark gray (N 4/01, trace 
very fine-grained sand, firm to hard, no reaction 
to HCl,  danp 

RPD 3 5514 it = an. 

SAWLF~ m i  i rrm 
n untoLouc oEsawnm OR O l M R  ILSTS Y 

PERFORMED SE 

'I 31 13' 
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7.0-39 0' SAMPLE 
zecovered 1 5/2.01 * 75%. 
ROD o ai1 51 = 53% 
CLAYEY SILTSTONE. brounish gray (5 YR 4/11, to 
medim dark gray (N 4/01, hmgeneous, trace very 
fine-grained sand, firm, no reaction to HCL, damp 

39 0-43 0' SAMPLE 
Recavered 3.9/4.0' = 98%. __. . ~ . 
RQD 3 6/3 9' = 92% 
SILTY CLAYSTONE dark gray (N 3 / 0 )  to mediun dark 
gray (N 4 /01 ,  homogeneous, trace very f ine-grained 
sand, moderately hard to hard; no reactlon to HCL, 
damp 

43.0-67.0 SAMPLE 
Recovered 1 4/4.0t = 35% 

CLAYEY SILTSTONE dark gray (N 3 / 0 )  to mediun dark 
gray (N 4 / 0 ) ;  homogeneous, organic rich laminae at 
44.3-66 4 ' ;  to trace very fine-grained sand, hard, 
no reaction to HCl, danp. 

RQD 1 2511.4' = 8%. 

PAGE 6 o F . 1 . 1  
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47 0-19.0 SAHPLE, 
Recovered 4 6/2.0: = 230% 
RQD 4.6/4 6' = 100%. 
CLAYEY SILTSTONE dark gray (N 3/01 to brownish 
gray (5 YR 1/1), laminated, trace lignite 
stringers; trace to occasionally scine very fine- 
to fine-grained sand, hard; no reaction to HCL, m. 
49.0-53 0' SAHPLE, 
Recovered 4 0/1 0 ,  = 100% 
RPD 4 0 / 4  0: = 100% 
CLAYEY SILTSTONE dark gray (N 3/01 to brownish 
gray (5 YR 4/11, laminated, trace lignite 
stringers: trace to occasionatty some very fine- 
to fine-grained sand, hard, no reaction to HCL, 
d=v 

2 UTHOLOGlC DESCRlPTlON 
o_ 
8 =w 3 SE 

PAGE 7 33 

SAMM rc m i  I rcm 
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UTHOLOGIC DESCRIPTION 
SAMM F< mi I rcm 

OR UltiLR ILSlS 
PERFORMED 

55k-A 
*- [A 

I 53 0-57 0 SAMPLE 
Recovered 4 1 / 4  0' - 103% 
RPD 2 9/4 1: = 71%. 
SILTY CLAY dark gray (N 3/0), Lamtnated, organic 
rich; some Lignite stringers; trace very f ine- 
grained sand; moderately hard; no reaction to HCL, 

RAver: dEil = 108% 
ROD 4 W4.3'  = 100% 
CLAYEY SILTSTONE dark gray (N 3/0), Laminated, 
organic rich in part, trace Lignite stringers, 
trace very fine-grained sand, moderately hard to 
firm; no reaction to HCL, damp 

denp 

57 -61 AMP 



NO B207189 LOG OF BOREHOLE 
n c I I 

61.0-65 0 SAMPLE, 
Recovered 4 0 / 4  0 ,  = 100%. 
RPD 3 5/4 0' 2 88%. 
CLAYEY SILTSTONE dark gray (N 3 / 0 )  to medium dark 
gray (N 4/01, laminated, organic rich above 61 5' 
with trace lignite stringers, moderately hard, no 
reaction to HCl, damp 

Recovered 4 5/6 0' = 113%. 
RPD 4.3/4 5, = 96% 
65 0-66 6, SILTY CLAYSTONE- dark gray (N 3 / 0 )  to 
& r u n  dark gray (N U O ) ,  laminated, organic rich, 
firm; no reaction to HCL, damp 
66 6-67 6'. LIGNITE brownish black (5 YR &/l) to 
brounish gray (5 YR 211); fissile, firm, no 
reaction to HCL, damp 
67 6-68 7' SILTY CLAYSTONE mediun dark gray (N 
4/01: organics decreasing uith depth, hard, no 
reaction to HCL; damp. 
68 7-69 0' SANDY CLAYSTONE mediun dark gray (N 
4 / 0 ) ,  homogeneous, very f ine-grained, subrounded, 
wall sorted sand, firm, danp 

65.0-69 0 SAMPLE 

PAGE 9 o F . 5 3 ,  

SAMPLES CnlLECm 
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I I 

UlHOLOclC DESCRIPTION 

$9 0-73 0' SAMPLE 
Recovered 4.0/4 0' = 100% 
Rap 3 3/4 0' 8 83%. 
69 0-69.3' CLAYEY SANDSTONE- d i m  dark gray (N 
4 / 0 ) ,  very fine- to fine-grained, subrounded, well 
sorted, damp. 
69 3-73 0 ' .  CLAYEY SILTSTONE. laminated, organic 
rich with lignite bed, 69 2-69 4;  silty, very 
f ine-grained scudstone bed 72.0-72 2, damp 

73 0-77 0 SAMPLE 
Recovered 2.514 0' = 63% 
RaD 1.3f2 5' = 52%. 
73.0-73.3' CLAYEY SILTSTONE medim dark gray (N 
6/01; laminated; uaxy; hard; damp. 

3-73.6'. CLAYEY SANDSTONE medim dark gray (N 
4/01, very fine- to fine-grained; subrounded, well 
sorted, firm, no reaction to HCL, damp 
73 6-75 5' CLAYEY SILTSTONE dark gray (N 6/01, 
fissile, organic rich, damp 

PAGE 10 OF 33 
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77.0-80.0 SAMPLE 
Recovered 4 0/3 0' = 133%. 
RQD 3.8/4.0@ * 95%. 
77.0-78 0'- SILTY CLAYSTONE. dark gray (N 4 / 0 ) ,  
taninatad; trace very fine-grained rand, firm, no 
reaction to Htl; mist. 
78.0-80.0': CLAYEY SANDSTONE: dark gray (N 3/01 to 
d i u n  dark gray (I 4 / 0 ) ;  LamIAtnated, trace very 
fine-grainad sand; moderately hard to firm, no 
reaction to HCl; moist. 

80 0-83.0 SAMPLE 
Recovered 4 5/3.01 = 150% 
RPD 3 8/1.5' = %% 
80.0-81 0' SILTY CLAYSTONE brounish black (5 YR 
2/1) to dark gray (N 3 / 0 ) ,  laminated; organic rich 
with uppermost 0 5' lignite, organics decreasing 
domuard, firm to moderately hard, no reaction to 
HCl, damp. 
81 4-83 0' CLAYEY SILTSTONE mediun dark gray (N 
0/0); homogeneous, breaks u\ th concoidal 
fractures; hard to very hard, no reaction to HCL, 
dam. 

SlulPl E4 COI I rClED 
E $  a, UTHOLOGlC DESCRlPTlON OR OTHER IESlS 

O Y  
23 $2 PERFORMED 

3 0-87.0 SAMPLE, 
ffecovered 3 914 0' = 98% 
RQD-3 713 9' a 95% 
83 0-65.1' CLAYEY SILTSTONE mediun dark gray (N _ _  . ~. 

&/O); laminated, firm no reaction to H C l ,  damp 
-84 1-86.9' SILTY SANDSTONE dark gray (N 3/01 to 

brountsh gray (5 YR Ul1,  crossbedded, trace 
organics along crossbeds, very fine-grained, 
subrounded, well sorted; well consolidated (hard 
to very hard), no reaction to HCl, damp 

I 
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87 0-91 0 SAMPLE 
Recovered 3.0/4 0' 8 98%. 
RQD 1 7/3.9' = 40%. 
87.O-89.On: SANDY SILTSTONE. mediun dark gray (N 
4 / 0 ) ;  laminated; some silty sandstone stringers, 
somc orgenic rich siltstone stringers, some clay, 
moderately hard, no reaction to H t l ,  d a m  
89 9-90 9' SILTY CLAYEY SANDSTONE: mediun dark 
gray (N 4 / 0 )  to brovnish gray, (5  YR 4/1), 
laminated, very fine-grained, subrowded, uell 
sorted, uell consolidated (moderately hard to 
hard), no reaction to HCL, daw. 

91 0-91 0 SAMPLE. 
Recovered 2 9/3 0' = 97x. 
RPD 2 4/2 9' = 83%. 
SILTY SANDSTONE' dark gray (N 3/0) to brounrsh 
gray (5 YR 4/11, laminated, poorly sorted, very 
fine-grained, si Lty, subrounded sands and 
moderately well sorted f ine-grained, subrounded 
sands; trace organic rich sandstone, trace clayey 
sandstones, well consolidated; no reactlOn to HCI, 
d W .  

PAGE 12 OF 33 
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94 0-98 0 SAMPLE, 
Recovered 3.8/4.0' * 95%. 
ROD 3 8/3.8' = 100%. 
94.0-97.5'. SILTY SANDSTONE, mediun dark gray (N 
4/01 to brounish grey (5 YR 4/1); very fine- to 
fine-grained, subrounded. moderately uell sorted, 
trace lignite stringers; well consolidated, no 
reaction to WCL, damp. 
97 5-97 8 ' .  LIGNITE. brounish black (5 YR 2/11, 
Laminated, subfissile, no reaction to HCL, damp 

98 0-102 0 SAMPLE, 
Recovered 4 l/4 0' = 103% 
RQi 3 9/6 1' = 95% 
98 0-101 7' SlLTY SANDSTONE medium dark gray (N 
C/O) to olive gray (5  Y 4/11, laminated, very 
fine- to fine-grained (fining downward), some 
sandstone clasts (rounded, medium pebbles), 
moderately well sorted, uell consolidated, no 
reaction to HCL, damp 
101 7-102 0' CLAYEY SILTY SANDSTONE alternating 
bands of medim gray (N 5/01 and dark gray (N 
3/01, crossbedded; very fine-grained. well sorted, 
firm, denp 
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102.0-106.0' SAMPLL 
Recovered 3 513 5' = 100% 
ROD 2 413 5' = 69%. 
CLAYEY SILTY SANDSTONE: alternating bands of 
mediun gray (N 5/01 and dark gray (N 3/0), 
croosbedded; very fine- to fine-grained, well 
sorted; friable becaning well consolidated below 
101.6'; no reaction to HCL; danp. 

106 0-110.0 SAMPLE. 
Recovered 4 0 /6  0' = 100%. 
RQD 3.1/4.0' = 78%. 
106.0-108 4' SILTY SANDSTONE. mediun dark gray (N 
4 / 0 ) ;  faintly laminated; very fine- to fine- 
grained, moderately ucll sorted, rounded, well 

108.4-110.0' CLAYSTONE dark gray (N 3 / 0 )  to 
brounish black (5  YR 2/1), homogeneous to 
subfissite, becoming organic rich at 109 l', damp 

s-consolidated; no reaction to HCL, damp 
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t 

I 110.0-114 0 SAMPLE 
Recovered 4.3/4.0f 110% 
ROD 3 7 /4  3/ = 90% 
SILTY CLAYSTONE dark gray (N 5/01 to brounish 
black (5 YR 2/1); subfrssiie, somc very ftne- 
grained sand in part, flrm, no reactlon to HCL, 
morst. 

114.0-118 0 SAMPLE, 
Recovered 3.0/6 Of = 95% 
RQO 0 9/3.0' = 24%. 
SILTY CLAYSTONE. same as above 

I I 
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118 0-122.0 SAMPLE 
Recovered 3 8 /4  0' 95%- 

4 

SWI rq cci I r rm 
UTHOLOGlC DESCRIPTION OR OMER TESTS 

PERFORMED 

ROD 1 V3.8' = 39% 
118.0-121 3' SILTY CLAYSTONE: same as above 
except for sandy claystone layer (118 5 to 118 7 ' )  
utth olive gray color (5 Y 4/1). 
121 3-121.8 SILTY SANDSTONE pale brown (5 YR 
5/21, homogeneous, very finc- to finc-grained, 
mcderataly well sorted, subangular to subrounded, 
well consolidated, no reaction to HCl, damp 

122 0-126 0 SAMPLE 
Recovered 4 014 0' = 100% 

CLAYSTONE dark gray (N 3 / 0 ) ,  subflssle above 
125 2'; hcmgcnews, uexy, very fine- to finc- 
grained, poorly sort& sandstone stringer at 123.1 
to 123 2 and 125 1' depth, no reectlon to HCl,  
mist 

ROD 3 a/& 01 = 95%. 
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126 0-130 0 SAMPLE. 
Recovered 2 3/4.0' 56%. 
RPD 1.8j2.3' = 78%. 
CLAYEY SILTSTONE: mediun dark gray (N 4 /01 ,  
homogeneous, sune dioscminated very fine-grained 
sand; moderately hard to hard, no reaction t o  HCL, 
d m .  

130.0-133.0 SAMPLE 
Recovered 4 0/3.0' = 133%. 
ROD 2 914 0' = 73% 
SILTY CLAYSTONE bromish black (5 YR 2/11 to 
o l ive  black (5 Y 2/11, subfrssLe to fissle, 
organic rich grading into clayey lignite at  129 9- 
130 3' trace very fim-grained sand in pert, firm 
to moderately hard; no reaction to HCl ,  m1St 
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133 0-137.0 SAMPLE, 
Recovered 4 1/4.0' = 103% 
RQD 3 5 / 4  1' 85%. 
133 0-133.9,. SILTY CLAYSTONE same as above 
except no lignite. 
133 9-137 0'. SANDY SILTSTONE mediun dark gray (N 
4 / 0 )  to mediun gray (N 4 / 0 ) ;  homogeneous, 
disseminated very fine-grained sand, some clay 
above 135.1, interbedded very fine-grainec 
sandstone below 136 5, moderately hard to hard; na 
reaction to HC1;danp 

137 0-111 0 SAMPLE 
Recovered 4 214 0' = 105%. ~. 
ROD 2 a/4.2, = 67x 
137 0-139 0,. SILTY CLAYSTONE. mediun dark gray (N 
4 / 0 )  to dark gray (N 3/0). uaxy, trace 
disseminated very fine-grained sand, firm, na 
reaction to HCI, damp. 
139 0-141 0,. SANDY CLAYEY SILTSTONE madiun dark 
gray (N 4 / 0 )  to dark gray (N 3/0); finely 
interbedded; sane very fine-grained sandstone 
interbeds; moderately hard, no reaction to HCl, 
dsmp 



n 
t 
5 
!2 
v 

141 0-115.0 SAMPLE, 
Recovered 4 Of4 0' = 100%. 

SAMTI FC, mi I rvm 
LITHOLOGIC DESCRIPTION OR OIHER TESlS Y g" 4 u  841 SE PERFORMED 

.. . ~ . 
ROD 3.5/4 0' = 88%. 
141.0-141.9' CLAYEY SILTSTONE mediun dark gray 
(N 4/01 to dark gray (N 3/0), faintly lamrnated, 
trace to saw very fine- to fine-grained 
disseminated sand; lignite stringer at base; 
moderately hard; no reactlon to HC1, damp 
141.9-145 0': SANDSTONE AND SILTSTONE- medlUn gray 
(N 5/01 and dark gray (N 4/01; finely interbedded 
sandstones and siltstones; primarily sandstone at 
top becoming more siltstone at depth, very fine- 
grained, uell sorted subrounded sands, no reaction 
to HCL; damp 

145 0-149 0 SAMPLE 
Recovered 3 9/4 0' = 98% 
RPD 3 9/3 9' = 100% 
SILTY SANDSTONE mediun dark gray (N 4/01 and 
light olive gray (5 Y 6/11, possible soft sediment 
deformation; some interbeds of siltstone, very 
fine- to fine-grained, rounded, uell sorted, uell 
consolidated, no reaction to H t l ;  damp 



n 

L 

2 4 1  
v 

s =  
f2 2 8  6 ,  

149.0-153.0' SAMPLE 
Recovered 3 7/4 0' = 9% 
RQD 3 613 7' = 17x 
149 0-152.7' SILTY SANDSTONE same as above 

SAMPI FS COLI FrTD 
UTHoCOGlC DESCRlPnON OR c)rw TESTS 4E v) PERFORMED 

1 

153 0-157 0 SAMPLE 
Recovered 3 7/4 0' = 93% 
ROD 2 6/3 7' = 70% 
153.0-155.01 SILTY CLAYSTONE dark gray (N 3 / 0 ) ,  
f issle;  moderately hard, no reaction to HCL, damp 
155.0-156 7' LIGNITE black ( N  1/0) to brounish 
black (5 YR 2/11; fissle lignite, no reaction to 
HCI,  dsnp 
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n c 
" Y  e 

8 ,  

SAMPI rS car r r m  
UMOLOGlC OESCRlPllON OR OMER TESTS 

FERFORMED 

157 0-161 0 SAMPLE 
Recovered 0.3/4.01 = 1% 
ROD 0 010 3' = 0%. 
157.0-157 3,  CLAYSTONE olive black (5 YR 2/11, 
organic rich, no reactlon to HCI, damp 

Recovered 2.4 /0  5'  = 480%. 
ROD 0 4/2.4'  = 20% 
CLAYSTONE- &run dark gray <N 6 / 0 ) ;  some organic 
material and silt at top decreasing dounuards, 
firm, no reaction to HCL, damp. 

Recovered 0 0/2 5' = 0% 
ROD 0 0/2 5' = 0% 

164 0-165 0 S A M P L L  
Recovered 3 5/? 0' = 350% 
ROD 2 7 /3  5' = ??%. 
CLAYSTONE mediun dark gray (N 4/01  to dark gray 
(N 3 / 0 ) ,  trace organics, trace to some sllt  
increasing dounuards, soft to moderately hard, no 
reaction to HCL, damp 
163-165 0 ,  SILTY SANDSTONE dark gray (N 3 / 0 )  to 
brownish gray (5 YR 4/1), homogmtwr, breaks 
along concoidal fractures; very fine- to fine- 
grained; subrounded; subangular, moderately well 
sorted, uell consolidated, hard, no reaction to 
HCL; damp 

161 0-161 5 SAMPLE 

161 6-164 0 SAMPLE 
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c I 1 

UTHOCOGlC DESCRlPllON 

PAGE 22 w 33 

165.0-169.0 SAMPLE 
Recovered 4.0/0 O ' =  100%. 
ROD 4 0 / 6  0' = 100% 
SILTY SANDSTONE sama as above except natural 
subhorizontal silt filled fractures at 166' depth, 
some clay, moderately hard 

169.0-173 0 SAMPLE 
Recovered 4 0/4.0' = 100%. 
RQD 3 7 / 4  0' = 93% 
169.0-171 8'. SILTY SANDSTONE: same as above 
171 8-173 0'. SANDY CLAYEY SILTSTONE' brounish 
gray (5 YR 4/11 to bromish black (5 YR 2/11, 
organic rich, trace llgnite, trace interbeds of 
very fine- to fine-grained sandstone, moderately 
hard, no reaction to HCL, damp 

SAMPI r? w I F ~ T F ~  
OR OIHtR ItSiS 

PERFORMED 



c 

" Y  +- 
80, v) 

- -- 

SAMPI rs I rmn 
o f i  OIHER ILSK 

PERFORMED 
UTHOLOGlC DESCRlPTlON 

tr --I 

I 

173.0-177 0 SAMPLE, 

RPD 1.W2.3' * 78X 
Recovered 2.314.0' = 58%. 

I73 0-173 5 ,  SILTY SANDSTONE- dark gray (N 3 / 0 )  
to brounish gray (5 YR W). 
113.5-174 6'. LIGNlTE AND COAL brounish black (5 
YR 2/11 to black (N 1/01 subfissile to fissile 
firm; no reaction to HCL, damp 
17k 6-175 3,- SILTY CLAYSTONE dark gray (N 3/01, 
lsrainated; organic rich, moderately hard no 
reaction to HCl; damp 

1 7 7  0-1 0 0 SAMPLE, 
R-= 97%. 
RPD 1.0/2.Ot * 66%. 
177.0-177.8,. LIGNITE, brounish black (5 YR 2/1); 
fissle; trace coal; firm: dwrp 
177.8-179 9,. CLAYEY SANDY SILTSTONE medim dark 
gray (N 4/01, organic rich at top becoming less 
clayey and more sandy dounuard, very fine-grained, 
rwnded sands; moderately hard to firm. damp 

180.0-184 0 SAMPLE 
Recovered 3 9/k.0t = 98% 
ROD 3 8/3.9' = 97% 
SILTY SANDSTONE AND SANDY SILTSTONE mediun dark 
gray (N 4/01 to dark gray (N 3/01. SANDSTONE very 
fine- to fine-grained, uell sorted, subrounded, 
ucll consolidated; sandstone grading into SANDY 
SILTSTONE sane clay, disseminated very fine- to 
fine-grained sandstone Laminae, hard to moderately 
hard, no reaction to HCL, daqa 



LOG OF GOREHOLE 
t 

LITHOLOGIC OESCRlPllON Y 

PAGE 24 OF -33. 

SAMFI FC rni I Frm 
OR CJRIER TESTS 

PERFORMED 

I- 
186 0-188.0 SAMPLE, 
Recovered I 2/6 0' = 105% 
RQO 3 414.2' = 81% 
SILTY CLAYSTONE dark gray (N 3 / 0 ) ,  laminated 
trace very f ine- to f ine-grained sandstonc 
laminae; firm to moderately hard, no reaction ti 
HCL;  danp 

188.0-192 0 SAMPLE 
Recovered 2 6/4 0' 65% 
RPQ 2.4/2 6' = 92% 
SILTY CLAYSTONE. dark gray (N 3/01 to brownisl 
black (5 YR 2/11: subfisste, trace very fine- tc 
fine-grained sandstone Laminae, some organic: 
below 190' depth, firm to moderately hard, nc 
reaction to HCL, damp 
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192 0-195 0 SAMPLE 
Recovered 1.?/3.0# = 118% 
RQD 0 II0.71 * 100%. 
SILTY CLAYSTONE- same as above except scm( 
organics above 191 2' depth; trace iron staining. 

195 0-199 0 SAMPLE 
Recovered 0 0 / 4  0' = 0%. 
RPD 0 0/0 0' 



NO B207189 LOG OF BOREHOLE 

19fl 

2011 

- 

;4 

199 0-199 5 SAMPLE 
Recovered 3 0/0.5' = 600% 
RQD 1 6/3 0' = 53% 
196 5-198 3' SILTY CLAYSTONE dark gray (N 3/0) 
to brounish gray (5 YR 4/1), homogeneous to 
subfissle (associated with organics) trace 
organics; firm, no reaction to HCL, damp. 
198.3-199 5': SANDSTONE. d i u n  dark gray (N 4 / 0 ) ;  
very fine- to f ine-grained, trace mediun-grained, 
subrounded, moderately uell sorted, some srlt, 
consolidated, hard; no reectlon to HCL; damp 

199 5-  03.0 SAMPLE 
R i i =  106% 
RPD 3 7/3 7' = 100% 
SANDSTONE mediun dark gray (N 4/01 to olive gray 
(5 Y W), natural subvertical fractures 
throughout, staining and mineralization along 
fractures; very fine- to fine-grained; subrounded, 
well sorted, trace to sune clay; uell 
consolidated, hard to very hard, no reaction to 
HCL, d m p  

203 0-207 0 SAMPLE 
Recovered I 1/4 O''= 102% 
RQD 3 4/I 1' = 83% 
CLAYEY SANDSTONE eroosbcdded, trace natural 
fractures, with mineralization, very fine- to 
fine-grained, subrounded, ue1I sorted, trace 
calcite cement in better developed sandstom 
stringers (HCL reaction), hard, damp 

PAGE 26 OF 33 

SlulPl FS Co11 EPTFD 
OR OTHER TESlS 

PERFORMED 
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uTH0Lmc DESCRIPTION 

307 0-211 .5' SAMPLE 
Recovered 4 514 5' 3 100% .. . 

ROD 4.5/4.5' = 100%. 
SILTY SANDSTONE. & r u n  dark gray (N 6/01 to olive 
gray (5 Y 4/11. CrossbCdded, very fine- to fine- 
grained; subrounded, uell sorted, silt decreases 
to trace below 210 2l depth, well consolidated; 
wrctmented below 210 2' depth; no reaction to HCL; 
moist. 

211.5-216 0' SAMPLE 
Recovered 4 1/4 5'  = 91% 
ROD 1 3/4 1' 3: 32% 
SANDSTONE: mediun gray (N 5/01, crossbedded, very 
fine- to fine-grained, subrounded, uell sorted, 
consolidated, uncmnted, no reaction to HCL, 
mist. 

SAMPI f'? rnl I FCTFD 
OR OItIER TESTS 

PERFORMED 
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i LFl- 

216 0-270.0 SAMPLL 
Recovered 3.914 o8 = 90% 
RQD 3.0/3.0' = 100%. 
SANDSTONE: medim gray (N 5/01, very dark gray ( I  
3 / 0 )  to black (N 1/0) banding; crossbedded 
laminated; black banding, fine- to very frne 
grained, subrounded, wet 1 sorted, consolidated 
hard, strong HCl reaction 216 3 to 217 0, nom 
elsewhere; moist. 

320.0-221.0 SAMPLE, 
Recovered 4 Of4 0' = 100%. 

SANDSTONE- same as above except, mcdiun gray ( 
4 / 0 1 .  no reaction to HCL, mist. 

RQD 3 a i 1  0' = 95%. 
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324.0-220 0' SAMPLE 
Recovered 3 9/4 9' = 98% 
RQD 2 9/3 0' = 74%. 
SANDSTONE. mcdiun dark gray (N 4/01, crossbeddl 
with Limited soft sediment deformation, blal 
banded, very fine- to fine-grained, subroundec 
uell sorted, trace organics along lamini 
surfaces; consolidated; firm to moderately hari 
no reaction to HCL, moist. 

228.0-232.0' SAMPLE 
Recovered 4 O/h 0' = 100%. 
ROD 3 3/4.0' = 83% 
SANDSTONE* mediun dark gray (N U O )  and dark gri 
(N 3/0), sams as above 



r 
n 
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232.0-236 0 SAMPLE.. 
Recovered 4 0 /4 .0 ,  = 100%. 
RPD 3 2 / 4  0' 8 80%. 
SANDSTONE AND SANDY SILTSTONE medim dark gray (N 
4 / 0 )  to dark gray (N 3/0), crossbedded, SANDSTONE 
very fine- to fine-grained, subrounded, uel l  
sorted; uell sorted, some silt uell consolidated 
Interbedded sittstone. very fine-grained, 
subrounded, disseminated sand, trace claystone 
beds, hard: no reaction to HCL, damp 

236 0-240 0 SAMPLE 
Recovered 4.0 /4  0, = 100% 
RPD 4 . 0 / 4  0, = 100% 
SANDSTONE mtdim gray (N 4 / 0 )  to medim dark gray 
(N 4 / 0 1 ,  crossbedded, trace organic rich; silty 
interkds; trace iron stainrng, very fine- to 
fine-grained; subrounded, uell sorted, uell 
consolidated; no reaction to HCL, mist 

SAMPIFS cm I r v n  
UTHOLOGIC DESCRIPTION OR OTHER 1ESIS 

S Y  F X  
9 g  8, 3E v) PERFORMED 
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340 0-244.0' SAMPLE, 
Recovered 2.611 0' = m65X. 

1 

5 0  y rAwt r y  mu I r m  
E *  U THOLOGIC DESCRIPTION OR OTHER rws 

PERFORMED " 8  %E 55, fA 

._ -. . 
R$ 2.0/2.6' = 77x. 
260.0-261 .SI SANDSTONE AND SILTY SANDSTONE 
mediun dark gray (N 6/01 to dark gray (N 3/01, 
crossbeckjed. trace cleystone interbeds, trace 
organic rich siltstone interbeds, SANDSTONE very 
fine- to fine-grained; subrounded, uell sorted, 
uell consolidated, SILTY SANDSTONE very fine- 
grained; trace fine-grained, subrounded, uell 
consolidated, no reaction to HCL; d m  
241 5-242 6' CLAYEY SANDY SILTSTONE dark gray (N 
4 /01:  homogeneous, trace natural fractures uith 
organic materia[ infilling, disseminated very 
fine- to trace fine-grained, subrounded sand, no 
reactim to HCl, damp 

244 0-247 0 SAMPLE 
Recovered 4 313 0, = 143%. 
ROD 3 4 / 4  3' = 79% 
SILTY CLAYSTONE dark gray (N 3/01 to brownish 
black (5 YR 2/11, faintly Laminated, uaxy,otrace 
high angle open natural fractures (45 to 70 from 
horizontal), trace very f i n e -  to fine-grained 
sand, grading to base to sandy, clayey, siltstone; 
moderately hard, no reaction to HCl,  danp 
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swi ES CN I rcm 
OR OTHER TESTS UTHOLOGIC DESCRlPllON Q Y  5 2  p. 

28  3E PERFORMED 

247 0-251.0 SAMPLE 
Recovered 0 O/C 0' * 0% 
RQD 0 O/O 0 

251 0-251 5 SAMPLE, 
Recovered 4 5/0.5' = 900% 
R& 4 4 / 1  5' 90%. 
SILTY CLAYSTONE. dark gray (N 3/01 to brownish 
black (5 YR 2/1); laminpd, natural high angle 
open fractures (45 to 70 fran horizontal), trace 
very fine-grained sand, organic rich below 249 0' 
depth; 0 1' lignite bed at base; moderately hard, 
no reaction to HCl; daw. 
SANDSTONE. mediun gray (N 5 / 0 ) ,  homogeneous, very 
fine-grained; subrounded; well sorted; 
consolidated, firm, no reaction to HCl; denp 

251 5-255 0 SAMPLE 
Recovered 3 5/3 5' = 100%. 
RQD 0 4/3 5' = 11% 
251 5-252 3, COAL AND LIGNITE black (N 1/0) and 
brounish black (5 YR 2/11, orthorhombic fracturing 
in coal, lignite, some clay, some silt, trace very 
fine-grained sand, moderately hard, no reaction to 
HCL, mist 
252 3-255 0 ' :  CLAYSTONE grayish brow (5 YR 3/21 
to dark gray (N 3/01. subf1sslc In part, uaxy, 
organic rich above 254 0' depth, somc silt in 
part, moderately hard, no reaction to HCI, damp 

I 



n c 
I& .- 

4 Q 

355 0-259.0 SAMPLE, 
Recovered 3 714 0' = 93%. 

SAMPI t? on( I FCTTD 
UMOLOGlC OESCRlPTlON OR OiIitR lESlS = Y  

4 g  % A  !$E PERFORMED 
F X  

.___ ~ 

ROD 1 4/3 7' = 38%. 
SILTY CLAYSTONE. dark gray (N 3 / 0 )  to brounlsh 
black (5 YR 2/1); uaxy; trace Lignite, trace very 
fine-grained sand at base. firm to hard, no 
reaction to HCL, damp 

I 
- 

TOTAL DEPTH = 259 0' 



m t- 

UTHoCoGlC DESCRIPTION 

LOG OF BOREHOLE 

SAMPl FS f'OlLECTE0 
OR OTHER TESTS 

PERrORMED 

I 

TOTAL DEPTH 19.5' STATIC None 
DRILLER K 

LOCATloN %ckv Flats Plant. Lm( ?FACE ELEVAllON 594827' 
COORDINAES &44.7&-553 ~ 7 1 . m ~ 9 3  (RFP) WATER LEVEL ENCOUNTERED None 

~ @9/19/89) 
Parker HELPER R Orr 

M Hill. R T Treat 
LOLWST CEARP MANAGER 

COMMENTS 

c --I/ / / I  

2 

4 

0 0-1 5' SAMPLE 
Recovered 1 511 5' = 100%. 
0 0-0 2'. SILT. grayish brown (5 YR 3/2), hunic, 
rooted, loose, damp 

ARAPAHOE/LARAMIE FORMATION 

0 2-1 5' SILTY CLAYSTONE pale yellouish broun 
(10 YR 6 / 2 ) ,  sane very fine-grained sad, highly 
ueathered, blocky; friable, frequent iron-staining 
in distinct fractures; very soft, damp 

1 5-3 5 '  SAMPLE 
Recovered 1 9/2.0' = 95% 
SILTY CLAYSTONE pale yellouish broun (10 YR 6/21, 
akmdant streaks and mottles--dark yellowish brown 
(10 YR 6/6), trace to some very fine- to fine- 
grained sand, highly ueathcred, very soft, feu 
calcite streaks up to 3 mn, rooted, trace organic 
partings, blocky, friable, daw 

3 5-5 5' SAMPLE 
Recovered 2 012 0' XI 100% 
SILTY CLAYSTONE' Light olive gray (5 Y 6/1), 
mottled with dark yellouish orange (10 YR 6/6), 
moderately ueathered, very soft, feu calclte 
Lenses; danp. 

HNU Background. 0.0 
OVA Background. 0 0 

A L L  readings on cuttings, 
core, breathing zone, a d  
in augers 0 0, unless 
otherwise noted below 
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E 2  a Y LITHOLOGIC OESCRlPTlON 
t 

a M c 3  x 8 5  mi= 

0 v 

LOG @F BOREHOLE 
SAMM rs m I FCTTD 

OR OIHER TESlS 
PERFORMED 

PAGE 7 OF 3 

5 5-7 5' SAMPLE 
Recovered 2 Ol2.0' = 100% 
SILTY CLAYSTONE pale yellowish brown (10 YR 6/21, 
mottled with dark yellouish orange (10 YR 6/6)-- 
decreasing ui th depth, trace very f ine-grained 
sand, laminated lignite partings (< lmn)-- 
increasing with depth, highly weathered, very 
soft; demp. 

7.5-9.5' SAMPLE. 
Recovered 2 0/2 0' = 100%. 
SILTY CLAYSTONE pale yellowish brown (10 YR 6/21, 
occasional dark yellowish orange (10 YR 6/61 
mottling, trace very fine-grained sand, few 
lignite partings, few very small calcite lenses, 
highly weathered, very soft; danp 

9 5-11 5' SAMPLE 
Recovered 2 0/2 0' = 100% 
SILTY CLAYSTONE pale yellouish brown (10 YR 6/21 
with occasional dark yellouish orange (10 YR 6/61 
mottling and fractures, trace to some sand, few 
thin Lignite partings and steaks, blocky to 
fissile, highly weathered, very soft, damp 

1 1  5-13 5' SAMPLE 
Recovered 2 0/2 0' = 100% 
SILTY CLAYSTONE pale yellowish brown (10 YR 6/2), 
mottled with grayish orange (10 YR 7 / 4 ) ,  trace to 
some very fine- to fine-grained sand, occasional 
(<  1 mn) lignite partings, iron-stained fractures, 
blocky, very soft, highly ueathered, danp 
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'j Q LlTHoLOGlC DESCRlPllON 
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E E  
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4 $53 ZE 
SAMF'I FT rni t r rm  

Of? OTHER TES'IS 
PERFORMED 

13 5-15 5' SAMPLE, 
Recovered 2 0/2 0' = 100% 
SILTY CLAYSTONE pale yellowish broun (10 YR 6/21, 
mottled with decreasing dark yellouish orange (10 
YR 6/61, trace very fine- to fine-grained sand, 
iron-filled fractures, increasing lignite partings 
blocky to fissile, moderately ueathered, very 
soft, damp 

15.5-17 5' SAMPLE, 
Recovered 2 0/2 0' = 100% 
SILTY CLAYSTONE same as above 

17 5-19 5' SAMPLE 
Recovered 2 0/2 0' = 100% 
SILTY CLAYSTOiE -pale yellouish brown (10 YR 6/21 
to mediun gray (N 5/01, massive, homogeneous, 
blocky, iron-stained, mediun hard, mediun 
consolidated, mediun plastic, damp 

TOTAL DEPTH I 19 5' 

15 5' Reading in Auger 
OVA 6 5 
- 

19 5' Reading in Auger 
OVA 0 8 
- 
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WELL 4-86 I 
WELL CONSTRUCTION SUMMARY 

e 

* 

0 

LOC4TION Of COOROS ELEVATION GROUNO L M L  5636.60' 
TOPOF CASING 5637*94' E 30774.3 7 Y 40437.1 - 

1 DRILLING SUMMARY I CONSTRUCTION nME LOG 
FINISH - 

TASK - 
ORlLLlNC 

7511 ~ oLI - 

GEOPHYS. LOGGJNG 
CASING 

-- I 
-- - I - -  

DRILLING FLU10 

4/24 1810 
4/25 1020 
8/29 1606 
-- -- 

n" 

4/25 1 1010 CE MENTI NO -- 
CEVELCPMENT 1 8/29 I \606 WELL DESIGN. 

4/25 1010 

IO ' 

# 

12 

14 

1 see Well DeveLoumxlt surmary sheet. 

CASING CI 2'' 1 D Sch 5 tm 316 stain- 
Less steel, threaded and flush 
,ornted 

SCREW SI -j& 

less steel. threaded and flush 
iornted. 0 02O"w~rewrao screen, 
0 25' welded bottan c a ~ .  

- CENTRALIZERS CentrAlzer  laced ammi 
mtelv md-mint on screened incerval 

COMMENTS* 

Water encountered at 12 00' dur- d r r l l m ~  

16 

0 
a 
0 

18- 

20 1 HYDRO-SEARCkl RENO.OENVER CONSULTING HY OROLOGI STS- GEOLOGISTS 



L 

5 
c 

EL 

14 I 

- 16 

. I8 

* 20 

WELL 5-86 

WELL CONSTRUCTION SUMMARY 
LOCATION 01 COOROS ELEVATION G R O U N O L M L  5720'07' 

5 7 2 2 -6 1.' - N 40694.8 E 26699.7 TOPOF CASING 

TOTAL DEPTH 

DRILLING FLU10 None 

SURFACE CASINGq'DX 4' steel w/ loc~,lrlo 

WELL DESIGN: 
fl - 

BASIS GEOLOGIC LOG GEOPHYSICAL LOG - - 
QSING STRINGKi) C: CASING !%SCREEN 

0 0' - 4 4n' c1 I - 

HYDRO-SEARCH RENO.OEMER 

CONSTRUCTION TIME LOG* 
I STAR1 I FINISH 

I-I-I-I- ---- 
GEOPUYS. LOGGING -& - - - -, - 

2'' stainless 9/5 1040 9/5 1045 
CASINO 

I-I-I-I- ---- 
---- 
q/s 1515 918 1515 

9/5 1035 9/5 1040 

CEMENTING 

OTHER 

WELL DEVELOPMENT 

~~~~~ ~ 

See Well Develonrent Surmarv Sheets. 

COMMENTS. 

TOD of stainless steel casiw: 2 . 5 4 '  

CONSULTING HYDROLOGISTS-GEOLOGISTS 



W E L L  6-86 -ial 
WELL CONSTRUCTION SUMMARY 

-2 

/:1 .-. - -. . . .---- 7Ll' 

ELEVATION GROUND LEVEL 5806 lo ' 
TOP OF CASING 5808*  5 p  

LOCATION Of CWRDS 
N 4 0 5 8 8 . 1  E 2 3 5 7 7 . 5  

'h DRILLING SUMMARY 

~ 0 1  TOTAL DEPTH 
)&4 

Well 8 88' Hole 14 0' 

CONSIRUCTION TIME LOG 
FINISH ST9F)t - 

TASK - 
DRILLING 

TlME 

I140 - 
UWittfYLt U I A M t T t I I  , &  

-4 

2" stainless [ 914 I 1310 p/4 1312 - 
DRILLING FLUlO None I-I-I- 

-~ 

FILTER PLACEM 9 14 I3 12 

CEVELCPMENT 9/8 
CEMEFmNG 

OTHER 

9/4 1340 

-e 9f4 1315 
9/$ 1305 I -- I3 I5 

1345 
151s 

- - - W E L L  DESIGN. 

BASIS GEOLOGIC LOG GEOPHYSICCU. LOG - -8 1 - - - - I320 
I3 IO 
- - 

WELL DEVELOPMENT 

See Well Develomnt Sumnary Sheet. - - - --I- -- 
CASING C I  2" 1.D Sch 5 ,  tm 316 s t a i r  

less steel, threaded and flush 

. .  

16 

~ 

COMMENTS- 

No water encountered during drilling. 0 25' welded bottom cap 
CENTRALIZERS T W  3 (>4 stainlwss steel 

5 47' - 6 65' TOD of stainless steel casing 

cave fm lD to 12 90' 

2 . 4 3  ' 

flLTER MAlERlCL 32-42 slllca Sand 

CEMENT Portland TWP I 

OTHER 3/8" bentonite wllets 

9 IO' - 2 75' 

0.00' - I 91' 

I 91' - 2 75' 
9.10' - 12 90' 

HY DRO-SEA RCH RENO~DENVER CONSULTING HYDROLOGISTS-GEOLOGISTS 



WELL 7-84 x_ 

t 
0 w 
7 
0 
Q: 
a 

IO 'L 
12 

14 

16 

18 

20 

WELL CONSTRUCTION SUMMARY 
LOCATION or CWRDS 
N 39869.8 E 20897.8 

DRILLER hvles Brothers D r i l l x u  CO 
15865 W. 5th AVeKlUe 
Golden, CO (Tony Robinson) 

RIG Acker 

BIT(S1 brt 
-~ ~ 

DRILLING FLUID 

FILER UAfERlCL 3z42 S L k i U d  
2 SO' - 6.00' 

0 00' - 2 00' 

2 00' - 2.50' 
6.00' - 7 51' 

CEMENT Port lad  Tvne 1 

OTHER 3/8" bentonite pellets  

HY DRO-S EARCH RENO*DENVER 

CONSTRUCTION n m  LOG 
I -  

I-I- -- 
GEOPHYS LOGGING L - - 

2" s t d e s s  9/23 1215 
CASING 

I-I- -- 
R L T E R R A C E M  9/23 ,1220 
CEMEFlTl NG 9/23 1230 
LEVELCPMENT 9/29 1445 -- 
--a 1 9/231210 OTHER 

/&I 
WELL DEVELOPMENT 

FINISH - 

9/23 1045 I 

9/23 I 1220 

9/23 I 1225 -- 
9/23 1235 
9/29 I445 
-- -- 
uL.1230 
9/73 1215 

-- -- I 

COMMENTS* 

N-rd dLuxlF dr1llinl2 

TOD o f  stainless steel casing 2,26' 

Cavefrcmmro 7.51' 

CONSULTING HYOROLOGISTS-GEOLOGISTS 

I 
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WELL 8-86 

WELL CONSTRUCTION SUMMARY 

- SURFACE CASINO 5" X 20.85' Steel W/ lock 

I 
FILTER MATERIAL 
58.00' - 64 30' 

0.00' - 56.00' 
OTHER 3/8" b-ets 
56.00' - 58.00' 
64.30' - 71.50' 

CEMENT Type I 

I 

CONSIBUCTION TIME LOG 
I S T A R f  

K: core 
Rearung 

GEOPHYS maw, 
CASINO 

FINISH - 
IW 
9/24 1135 
10/20 1310 
10/23 0920 

-- 
-- 

11/3 1410 

u1207 
mlsld 
PLzk1350 
-I- 

WELL DEVELOPMENT 

see well DRlelorment !hIrLan Sheet. 

COMMENTS* 
Ib water enauntered durw d r i l l w .  

T m o f r -  1.86' 

HYDRO-SEARCH RENO*OENVER CONSULTING HYDROLOGISTS-GEOLOGtSTS 



I .  

E 
1 

(I 

9/24 

10/6 
10/6 

9/24 

c 
0 !e 

O900 9/24 1615 

loo0 10/6 1230 
- l w A U L a r n  

1336 10/7 1627 ---- 
10/7121810/71244 

O900 9/24 1615 ---- 

0 
K 

10/7 
10/8 
10/14 

10/7 

c2 2" I D , Sch. 5. tw 316 stain 
less steel. threaded and flush 
iornted 

SCREEN S I  2'' I.D.. Sch. 5, tm 316 staiq 
less steel. threaded and flush 
iointed. 0 010'' wlre wfaoscreen 
0 25' welded bottan cam 

CENmALlERS None (see c m n t s )  

~~ 

1414 10/7 1700 

o900 10/8 1030 
0830 10/31 1400 

1710 10/17 17% 

---- 

10/7~Io/v0850 
19/2120010/31700 ---- ---- 

30 

FILTER HATERICL 32-42 

WELL 9-86. 

'ION SUMMARY 
5 9 9 5 . 2 3 '  ( e s t . )  
5 9 9 9 . 6 4 '  ( e s t . )  

TION GROUND LEVEL 
TOPOF CASING 

CONSfRUCTION TIME LOG 

TASK - 
DRILL1 NO 

Rearmnn 
GEOPHYS. LOGGING 

CASINO 

5" steel 

flLTER PLACEMENl 

CEMEPmNO 
C EVELCPMENT 

OTHER 
Bentonite 

WART I FINISH 

l ? & E s M a 4 I T r l M E  
1986 I (19% I 

WELL DEVELOPMENT 

COMMENTS: 

Water encountered at 105.37' during drillin 
on 10/8/86 
TOD of stainless steel cas- 1.41' 

m Nc rod. M -. 

V :  59.00' - 146 00' 
0.00' - 147.00' 

CONSULTlNG HYDROLOGISTS-GEOLOGISTS 



*25t 
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45 
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WELL 10-86 

WELL CONSTRUCTION SUMMARY 
LOCATION or COORDS 
N 39223.9 E 19400 6 

DRILLING SUMMARY 

TOTAL DEPTH well 23 78' Hole - 27.00' 

BOREHOLE DIAMETER 0 00' - 23 40' 
23 40' - 27.00' 5" 

5 5/8" 

ORILLER W l e s  Brothers DrillinP Co. 
15865 W 5th Averue 
Golden, CO ( h x w  DrillinE, Tan 

H i g h  I 
RIG Casm~advancer 
BlT(Sl Dnwn hole harrmer 

DRILLING FLUID MDP 

S U R F U E  CASING 

WELL DESIGN. 

BAS I S  GEOLOGIC LOG GEOMYSICAL LOG - 
USING SfillNG(S) C: CASING S=SCREEN 

0 00' 3 29' - 
3.29' - 23.78' SI - -- ! -- 

SCREP( SI 2" I.D. Sch 5 twe 316 stain- 
less steel, threaded and flush 

jomted, 0 0 IO" wire wrap screen, 
0 25' welded bottan cap 

CENTRALIZERS * 30% stainless stpel 
14.08' - 15.11' 

FILTER NATERICL 3242 slllca 
2.80' - 25.50' 

0 00' - 2 00' 

2 00' - 2 80' 

CEMENT Type I 

OTHER 3/8" bentonite wllets 

HY ORO-SEARCH RENO*OENVER 

CONSTRUCTION TIME LOG 

I =  
TASK - 

DRILLING 

I-I- -- 
GEOPHYSCOOGlffi .& -, - 

2'' stainless 9/25 o900 
CASING 

I-I- -- 
9/25 I400 CEMEPJTING 

OTHER 

FINISH 

9/25 0910 I 
-I- -- 
9/251300 
9/25 1410 
IO/% 1515 
-- 
-- 
9/251305 -- 

WELL DEVELOPMENT 

See Well kelorment Sumnn Sheet. 

COMMENTS* 

Water encountered at IO' during d r r l l w  1 
I 

Cave frau ID to 25.50' 

1 

1 

CONSULTING HYDROLOGISTS-GEOLOGISTS 



DATE TIME 

091 5 

0915 

1540 

10-7-86 

METHOD VOLUME APPEARANCE COMMENTS 

1 Well Bore Volume = 4.24 gals. 
10 Well Bore Volumes = 42.2 ga ls .  

7' of sand lifted out before i$?t; !olEt$i$T 
Air1 ifted 4.2 gals. sand reaching T.D. 

kti;: iYgtbGktur- 
Bailed 12 gals* bld. lots of sand 12/42.4 gals. purged to date 

10-7-86 

0700 10-9-86 
Medium to dark ----- 
Medium brown, 

Air1 Ifted 4.2 qals. brown sDrav 

10-9-86 1500 

10-1 0-86 

Bailed 16 gals. clearing slightly 28/42.4 gals. purged to date 
Bottom 3' - light 
brown, rest of 

10-14-86 

1410 Balled 

10-1 5-8q 

16 gals. well med. brown 44/42.4 gals. purged to date 

10-1 5-86 

1200 

0830 

1400 

1200 10-1 6-86 

Light to medium 

Medium brown ----- 
Bailed 12 gals. brown 56/42.4 qals. purqed to date 

Airlifted mist - sandy 

Bailed 25 gals. clearing 81/42.4 gals. purged to date 

Bailed C I ear 

--- 

Medium brown, 

--- 
Samp I ed 

Wdl No 45-86 

WELL DEVELOPMENT SUMMARY SHEET 



W E L L  
COMPLETION 
INFORM A T I 0  N 

~ o c a t , o n  Kockv F la ts  Plant, Landfill Area Well N o  - 
Coordinates N 6n158-nq E 7 1 7 7 7 - 7 6  E l o v r t l o n  G r o u n d  S U f f 8 c O  5883.69' 

T o t a l  D o p t h  W o t l  6.70' T O P  or C a s i n g  5884.69 ' 

FOfm8t iOn or  C o m o l o t l o n  Vallev Fill Alluvium 
Cas ing  Y a t o r l a l  Sch 5 ,  Type 316, TFJ Stainless Cas ing  ~ i a m 0 t . r  319 ID 

$ c r o o n  Yat0rl . l  0,010 'I wire wrap. T pe 316, TFJ Surfaco Car ing  Diam.t.r 

Oat. Installed June 9, 1987 I 
I n r t a l l o d  by J. Bereman Slto Yanagor 

Boroholo 13.00' 

Steel 
5" ID 

StZinless Steel A 

Ooologlrt 
CEARP MM- 

Comments cPntrali7Py at 1-96 - 5.15' 

S u r f a t o  Casing  

Boroholo 
> i smotor  

7.5" 

I I 

000th (11.1 

Boroh 
t o t a l  



W E L L  
COMPLETION 
INFORM A T  ION 

~ o c a t r o n  Kockv Fla ts  Plant; Landfill Area Well No - R 
C o o r d i n a t e s  .-z E l o v a t i o n  G r o u n d  S u r l a c o  5887.78I 

T o t 8 1  O o p t h  W o l l  91.03 T o p  O f  C 8 S l n g  5884.55' 
1 

~ o r o h o l o  llD.nO' 
Format ion of Complotlon Arapahoe Formation 
Casing M a t o r i a l  Sch 5 ,  TvPe 316. TFJ Stainless 

Steel 
S e r o o n  Matorla4 0.010 " wire wrap. T~ pe 3 1 6 ,  TFJ S u r t a t o  Casing D l a m o t o r  
0.1. Inrtallod ~lleust 3 -  ~7 
Inr ta l lod  BY K - D .  Holllwav t i t o  Manasor 

OOoloQl r t  

casing ~ i r m 0 t . r  7'1 ID 
5" ID 

Stainless SteeIApprorod ly 

CEARP M.nrg.r 
commonts  Surface casing s e t  t o  17.0' bv J.B. Be rzman on June 9 ,  1987. 

Filter P8ck 

o n i t e  Pel lets  



W E L L  
COMPLETION 

INFORM A T 1 0  N 

~ o c a t i o n  Rockv F l a t s  Plant, Landflll Area W O l l  N O  42-87 
C o o r d i n a t o r  N 5 5 . 1 0  E 22430.99 E l o v a t i o n  Ground Surface 5854 05 ' 
T o t a l  D e p t h  W e l l  6.60 '  T o p  or Car ing  5855.93' 

Format ion o f  C o m p l o t l o n  Vallev Fi 11 Alluvium 
Car ing  u a t o r i a l  Sch 5 .  Tvpe 316, TFJ Stainless 

Steel 
t c r o o n  Matorla4 0.010 I' wire wrau. T pe 316, TFJ S u r r a ~ o  Car ing  Oiamotor 
oat.  1nrta11.d June 10, 1987 
I n r t a l l o d  8 y  J. B e r  n SIto Yanaqor  

~ o r o h o t o  12.40' 

c a r i n g  ~ i r m 0 t . r  7 "  ID 
5" ID 

StZinless Steel Appro I 

a 0 5 0  Q ir t 
CEARP M w u g . r  

Commontr  

surrato  soat  
Mat.  i I Portland t y p e  I 

Bontoni to  

L o n g t h  ( t t  

Fi l tor Yatorlal .  - 
32-42 Silica S: 

Fi1t.f P a t h  

8.c kr i l l  [-- 



W E L L  
COMPLETION 
I N F O R M A T I O N  

~ o c a t ~ o n  Rock\ Flats Plant; Landfill Area Well No - 
C o o r d t n a t o s  N '39312.05 E 191.1JJ 5 E l o v a t i o n  G r o u n d  S u r f a c o  5995.10' * 
T o t a l  D o p t h  W o l l  7 3 - 5 '  

B o r o h o l o  33.1)' 
T a p  o f  C a s i n g  5996.75 ' 

F o r m a t i o n  o f  C o m p l o t l o n  ,BCLckv F-vi urn 
C a r i n g  Mator ia l  Sch 5,  Type 316 ,  TFJ Stalnless 

Steel 
pe 316 ,  TFJ S u r f a e o  Car Ing  01amot.r S c r o o n  Ya10rl.l 0.010 wire wrap. T 

Oat. Inrtallod N o v W -  1987 s t L l e s s  s tee1 Appro 

Inr ta l lod  a y  R. TrPac SIto Yanaaor 

camins ~ l ~ ~ ~ t ~ ~  7" ID 
5" ID 

Goologlrt 
CEAR? Muug.r 

Commontr  

B ~ c  k f 111 M i  t .rial 318" Volclay Bentonite Pellets 



W E L L  
COMPLETION 
I NFORMAT ION  

S U r f 8 C O  S O 8 1  
Mato  1 I 

Portland Fype I 
C1PmPn+ 

~ o ~ r t i o n  Rock) Flats  Plant, Landfill Area W e l l  NO 59-87 

E l o v r t l o n  Ground S u r i r c a  5992.90 '  C o o r d ~ n r t o r  N 39136.25 E 19463.99 

T o t r l  D o p t h  W o l l  21*20' l o p  ot  c a r i n g  5994.67'  
B o r o h o l o  26 .0 '  

2.0 

Format ion of  Cornplot ion Rockv Flats Alluvium 
C a r i n g  M r t o r l r t  Sch 5 ,  Tvpe 3 1 6 ,  TFJ Stainless C I I i n s  oiarnotor  7"  ID 

S c r o o n  Y a t o r l r l  0.010 " wire wrap. T~ pe 316, TFJ Sur faco  C a r i n g  01amotor  
Oat. Instal100 N o v ~ w  21. 1987 Stainless Steel A PDI  
InSt8ll.d By J *  Bacchus Sit. Managor 

Steel 
5" ID 

Qoologl r t  
CEARP Ywug.r 

S u r f r c r  

L o n g t h  ( f t  
S O 8 1  

C o m m o n t r  

Filtor Matorial.  - 

T o p  o f  C r r l n s  1 9 6 '  I 

- 
8 8 C k f l l l  M l t O f l 8 l  318'' Volclay Bentonlte Pellets 



WELL  
COMPLETION 
INF 0 R M ATlON 

~ o ~ ~ t ~ o n  Rocky F l a t s  P l a n t ,  Landf 111 Area W O l l  N O  - 
C o o r d i n a t o r  N 3995 1 63  E 19938 .52 E l o v a t l o n  G r o u n d  S u r l r c o  5984.07'  

Tot81 D e p t h  W o l l  2 7 . 7 '  t o e  of  C a s i n g  

Format ion o f  Complot lon 

c a r i n g  ~ a t o r i a l  Sch 5 .  Tvpe 316,  TFJ Sta inless  S t e e l  
p e  316 ,  TFJ Surraco  C a r i n g  ~ i a m o t o r  $ c r o o n  M a t o r i d  4.010 I' wire wrap. T~ 

0.10 Inrtallod November 20,  1987 
I n r t r l l o d  by R. Treat Sit. Yanagor 

5Q85.96 ' 
B o r o h o l o  3 . 0 '  

Rockv Flats Alluvium 
c a m i n 9  ~1am.t.r 2" ID 

5" ID 
SteelAppror.d a y  

G o o l o g l r t  
CEARP M 8 ~ g u  

Commont r  

F i l tor  P I C k  

t o t a l  D o p t h  

o n i t e  P e l l e t s  



W E L L  
COMPLETION 
I N F O R M A T I O N  

~ o c a t ~ o n  Rocky F l a t s  Plant, Landfill Area W e l l  N o  61-87 
~oord1n.t.s N 39881 26 E 19974.80 E l O v 8 t i o n  G r o u n d  S u r r r c o  5984 .00 '  
Tota l  D o p t h  W o l l  7 8 - 5 '  

B o r o h o l o  34 ' 0 '  

Commont8  

+ 
t 

I 
W 

32-42 Silica Sand 

Fi i tor  P 8 c k  



WELL 
COMPLETION 
INFORMATION 

~ o c a t i o n  Rockv Flats Plant, Landfill Area Well N o  - 
C o o r d i n a t o r  N 39831.72 E &9999..2 0  ovation Ground s u r f a t .  5984.16'  

5986.36 T o t a l  D o p t h  W.11 36-80' T o e  o f  C a s i n g  

F o r m a t i o n  of C o m p l o t i o n  >kv 
C a s i n g  Mator ia l  Sch 5. Tvue 316, TFJ Stainless c a s i n s  ~ i a m o t o r  7" ID 

S e r o o n  Y a t o r l r l  0.010 " wire wrap. T pe 316,  TFJ ~ u r t a c o  C a s i n g  Diamotor 

Installed By R -  Treat Sit. Y a n a a o r  

B o r o h o l o  30.0' 

Steel 
5" ID 

Goologir t  
CEARP M . r u g . r  

a 

e 

C o m m o n t s  

T o p  of C a s l n a  t 

Fl l tor  P a c k  

th 

B a c k f i l l  M a t o r l a l  318" Volclay Bentonite Pellets 



WELL 
COMPLETION 
INFORMATION 

~ o c a t ~ o n  Rocky F l a t s  P l a n t ,  Landflll Area Well N o  

C o o r d i n a l o s  39 738.07 E 20040.50 E l o v a t i o n  Ground S u r t a c o  5985.b3' 
T o t a l  D o p t h  W o l l  75.5' l o p  ot Cas ing 5987.06' 

* 
~ o r o h o i o  30 0 '  

Format ion of  Cornplot ion a c k v  F U u  vium 
C a r i n g  Mator ia l  Sch 5 .  Tvpe 316,  TFJ S t a l n l e s s  

pe 3 1 6 ,  TFJ s u r f a t .  c a s i n g  Dlamotor  0.010 wire wrap. T~ S e r o o n  Y a t o r l r l  

0.10 Installed b c e m b e  1: 1 .  1987 
lnsta l lod  BY R. Treat Sit. Managor 

c a r i n g  ~ i ~ ~ ~ 1 . r  7" ID 
S t e e l  5" ID . 11 

St'inless S t e e l * p p r o v o d  B y  

QOOlOgiBt 

CEARP Muug.r 

* 

C o m m o n t r  

Ground Surtaco 
9 / / I J / / ~  / i a { / I  

Surfac.  S.al.- 
M a t o  I I 

P o r t l a n d  t y p e  I 
C1PmPn+ 

S u r t a c o  
SoaI  2.00 Longth ( t t  I 

Iu I 0 
0 

32-42 S i l i c a  
Fi l tor  Yatorlal. 

22.70 P 
I loroholo  

)iarnotor 

5 11 

3 I I 

B a c k f i l l  YatOrlal 318" Volclav  B e n t o n i t e  P e l l e t s  



W E L L  
C O M P L E T I O N  
I N f  O R M A T I O N  

~ o c a t l o n  Rocky Flats Plant, Landfill Area Well N o  - 
E 7 0 1 6 3 . 7 2  Coordinator N ' W U Q - 0 1  E l o v a t i o n  G r o u n d  S u r f a c e  5985.89' 

T o t a l  D e p t h  We l l  23.8' T o p  O f  C88 ln9  5987-11' 
I l o r o h o l o  28.0' 

F o r m a t i o n  o f  C o m e l o t i o n  Rockv Flats Alluvium 
C a r i n g  Mator ia l  Sch 5 .  Tvpe 316. TFJ Stainless 

Steel 
pe 316, TFJ Sur faco  Caa lng  D lamotor  S c r o o n  YatoriaJ 0.010 " wire wraD. T 

o a t o  Inata11.d December 4 ,  1987 

caring 0iamotOr 711 ID 
5" ID 

Stilnless SteelAeerorod 
I n S t 8 l l O d  By R. TrPat s i t .  Yana@.r 

Goologir t  
CEARP Mu1.0.r 

e 

C o m m o n t a  

T o p  o f  C a r i n g  1 

32-42 Silica Sa d I 1 

I 
I I 

Bo roho lo  
D i r r n o t o r  

7 .5"  

17-1 

I 

Backt l i i  Ya to r ta i2  3/8" Volclav Bentonite Pellets 



WELL 
COMPLETION 
INFORMATION 

~ o c a t i o n  Kocky F l a t s  P l a n t ,  L a n d f i l l  Area W e l l  N o  65-87 
~ o o r d ~ n a t o s  N 39250.14 E 20200.22 Elovation Ground Surraco 5983.08' 
t o t a l  D o p t h  W o l l  2 4 - 7 '  T O P  0 1  cas ing  5985.02' 

Format ion O r  Completion ,Rocky Flats Alluvium/ Weathered Arapahoe Formation 
C a r i n g  Mator ial  S -Stainless C a r i n g  0iam.t.r 711 ID 
S c r o o n  Y a t o r l r l  J.010 I' wire wrap. T~ pe 316, TFJ S u r f a c o  C a r i n g  oiamotor 
ba t .  I n r ta l l od  December 9.10. 19, ,-+tamless S t e e l A p p r o r o d  B y  

In r ta l l od  B y  €2. Trmr 8Ito  Yanagor 

B o r o h o l o  27.0' 

S t e e l  5" ID 

Q.ol0alrt  

* 

CEARP M- 

C o m m o n t r  

Ground Surfaca 

7 

32-42 S i l i c a  Sa 

Fl l tor  P a c k  
Longth  ( f t  I 

T o p  of Car lng  v 
r i n g  

B a c k r i l l  Mator ia l  A 318" V o l c l a y  B e n t o n i t e  P e l l e t s  

10.70' 

Boroholo  
Total  0o ) th  
(11.1 



W E L L  
COMPLETION 
I N F O R M A T I O N  

~ o c 8 t l o n  Rocky Flats Plant, Landfill Area W o l t  N o  66-87 
~ o o r d i n a t o r  -1 E l o v 8 t i o n  Ground Surface 5981.90 ' 
Tota l  D o p t h  W o l l _ 1 & 3 0 '  T o p  O f  C88lng 5983.64' 

8 o r o k o i o  7+3.00' 

Format lon o f  Complo t lon  Rocky Flats Alluvium 
C88ing M8tOrlal Sch 5. Tvue 316, TFJ Stainless c a r i n g  ~1am.t . r  3 "  ID 

pe 316, TFJ Sur faco  Carlng D l a n o t o r  S c r o o n  Y a t o r l r l  J .010" wire wrau. T~ 
0.10 In8tall.d November 24, 1987 Stainless Steel~pprorod e y  
In r ta l l od  B Y  R -  Treat SIto Managor  

Steel 5" ID 

6.ologi.t 
CEARP M w u g . r  

Commont r  

Ground Surfrc i  

7 
Mato  I I 

Portland type I 
ClPmPnt 

+I8 n t o n i t  

32-42 Silica Sz 

Fl l tor  Pack 

t o p  of  Carlng 2 .00 '  1 

l o r o h o l o  
t o t a l  Dopth  
(ft.1 

- 
B a c k f l l l  Mator ia l  Ir 318" Volclay Bentonlte Pellets 



W E L L  
COMPLETION 
I N F O R M A T I O N  

~ o c r t ~ o n  Kockv F l a t s  P l a n t ,  Landfi l l  Area W O l l  N O  67-87 
E 70678.79 CoOrdinatOS N hn183.78 E lovat ion  G r o u n d  S u r f a c e  5969.50 '  

Tota l  0 o p t h  w.11 1 6 . 8 '  T O P  or c a r i n g  5971 .72 '  

Format ion  o f  Complo t lon  Rockv F l a t s  u v i u m  
Casing M a t o r i a l  Sch 5,  Type 316 ,  TFJ S t a l n h S S  Casjng ~ j a m 0 t . r  7" ID 
t c r o o n  Y r t o r l r l  0.010 " wire w r a p ,  T pe 316 ,  TFJ S u r f r c o  C a s ~ n g  ~ i a m o t o r  
D r t o  Instrllod December 4 .  1987 
ln8tal lOd BY J *  Bacchus 8Ito Yanaaor 

a 
l o r o h o l o  2 1 . 4 '  

Steel 
5" ID 

S t L n l e s s  Steel A pDro  od  ~ 

a O O l O Q l 8 t  

CEAAP Mn.0.r 
Commonts  

W o l l  Tota l  

Flltor Pack  

dr faco  C a r i n g  
r p t h  ( I t  

I 

- 
Backf i l l  Y a tor ia l  3 / 8 "  Volclav Bentonite Pellets 



W E L L  
COMPLETION 
I NFORMAT ION  

~ ~ ~ . t ~ o n  Rockv F l a t s  Plant:  Landfill Area W O l l  N O  68-57 
~ o o r d t n r t o s  E lovat ion  Ground  S u r i r c o  5968 48'  
t o t a l  D o p t h  W o l l  16.0' Top o i  C a s i n g  5970.31'  

B o r o h o i o  20.0' 
Format ion  o i  C o m p ~ o t i o n  Rocky F l a t s  Alluvium 
C a s l n g  Mator la i  Sch 5 ,  TYDe 316, TFJ Stainless  

S c r o o n  Mator ia l  0,010 It wire wrap. T~ p e  316 ,  TFJ s u r r r c o  Caring Diamotor 
0.10 InrtallodDecember 4 &,7. 1987 o" ~ 

Stainless  s tee1  A 

I n r ta l i od  by J. Bacrbus Sit. M i n e s o r  

c a s i n g  ~ i ~ m 0 t . r  311 ID 
Steel  5" ID 

O.ologirt 
CEARP Mn.9.r 

C o m m o n t r  

Ground Surfaco 

7 
surraco s.81. 
Mat. I I 

Portland t y p e  I 

Sur f rc .  

on t onit.  

32-42 Silica  Sa 

Fi l tor  Pack 

T o p  01  C a r i n g  t 

1 
I 

; o r o h o l o  
) iarnotor 

7 .5"  

o[ o f , S c r j o n  ;opt 

W o i  

11 15' 

rota1 

- 
Backi i l l  Mator ial  318" Volclay Bentonlte P e l l e t s  



W E L L  
COMPLETION 
INFORMATION 

~ ~ ~ a t ~ o n  Rocky Flats Plant, Landfill Area W O l l  NO 70-87 

Coordina1.r N 39588.09 E 21098.79 Elovat ion Ground Surface 5966.10 '  

t o t a l  D o p t h  W o l l  1 6 - 5 '  f o p  o f  C a r i n g  5968.35 '  

a 
17.0' Boroho lo  

Format ion o f  Cornplotion 

c a r i n g  ~ a t o r i a t  Sch 5 .  Tvoe 316, TFJ Stainless 
Steel 

S c r o o n  Matorla4 0,010 
0.1. Install.# December 14, 1987 StZinless S t e e l ~ p p r o r o d  m y  
I n r t r l l o d  By B. Trpat 

Rocky Flats Alluvium/ Weathere d Arapahoe Formation 
c a s i n g  o i a m ~ t ~ r  2" ID 

wire wrap. T pe 316, TFJ Surfaco Caa ing  Diamotor 5 "  ID 

SIto Manasor 

C U R P  Man.0.r 

I )  

O0o log i r t  

Ground Surtaci  

7 
Surfaco 30.1 
Mato i I 

Portland ?ype I 

nt onit 

Filter Yat . r i8 l .  - 
32-42 Silica S: Err - . .  

D o p t h  (11 

o r o k o l o  
l iarnotor 

7 . 5 "  

I 

Boroholo 
t o t a l  B o p  8th 

- 
Backfi l l  Mator ia l*  318" Volclay Bentonite Pellets 



W E L L  
C O M P L E T I O N  
I N F O R M A T I O N  

~ o c a t i o n  Rockv F l a t s  Plant ,  L a n d f i l l  Area W o l l  N o  71-87 
~ 0 o r d l n . t . r  N 40339.90  E 20991.74 Elovat ion Ground S u r f r c o  5963.39' 
T o t a l  D e p t h  W o l i  13.85 '  T o p  of C a r i n g  5965 .47 '  

Format ion o f  Compiot ion 

C a r i n g  ~ a t o r i a l  Sch 5 .  Tvpe 316 ,  TFJ S t a i n l e s s  
Steel 

wire wrap.  T~ pe 3 1 6 ,  TFJ ~ u r t a c o  C I I i n g  ~ i a m o t o r  S c r o o n  Mator l r )  0.010 
0.t. l n r ta l l od  December 11, 1987 
I n r ta l l od  B y  J -  Bacc hus Sit. Yana9.r 

a 
B o r o h o l o  18-50'  

Rocky F l a t s  Alluvium 

c a r i n g  ~ i a m 0 t . r  7" 
5" I D  11 

Steel~pprovOd b y  

t300logl,t 
CEARP Man- 

,. 
C o m m o n t r  

Surfre .  S o a I .  
Mato  i I 

Portland t y p e  I 
rPmPn+ 

Surf.c. 
S o r i  
Length ( 1 1 )  

Filtor Motor ia l  - 
32-42 Silica Sa 

t o p  o f  C a r i n s  2 .  > 

- 
Backf i l l  M8terl. l  318'' Volclay Bentonite P e l l e t s  



W E L L  
C O M P L E T I O N  
I N F O R M A T I O N  

~ o c a t t o n  Rock)? Flats Plant, Landflll Area Well No - 
C o o r d i n a t o r  N 39459 12 E 20855.24 E lovat ion  Ground  Sur lac .  5969.11' 
T o t a l  D o p t h  W.11 7.0' T o p  of C a r i n g  597 1.18 '  

F o r m a t i o n  o f  C o m p l o t l o n  Rockv Flats A l l u v i u m  
C a r i n g  Mato r ia l  Sch 5. Tvpe 316. TFJ Stainless c a r i n g  D iamotor  7 "  ID 
) c r o o n  Matoria4 0.010 
0110  ~nrtailodDecember 17, 1987 

B o r o h o l o  15.0'  

Steel 
wire wrap. T pe 316, TFJ Surfaco  C a r i n g  Dlamotor 

Stginless SteelApprorod e y  
5" ID I t  

CEARP Managmr 

C o m m o n t r  

e 

Ground Surfacc 

7 
Surface 

32-42 Silica Sz 

Flltor Pach 

B a c  k f i l l  
[ T I L e n g t h  ( f t  

n 

S u r f r c .  c 

-t- 
I 3oroho lo  

3 i a m o t o r  

7.5" 

r i n g  

?.SO'  

W o l l  t o t a l  
b o p t h  (11.) 

B o r o h o l o  



WELL 
COMPLETION 
INFORMATION 

I QA ~ y ~ ~ a t e  &&m. /5 -- /%99 
Lotat len Rock v Flats Plant, Landfill Area Wol l  No B10.6089 
Co0rdlnat.s 39332 69 E 19481 76 ( m p )  Elovation Ground Surfaeo 5993.3' 

I 5995.35 ' t o t a l  D.pth* W.11 24.47' t o p  of cmsing 

~ o r o k o i a  27.53' 
fo rnat lon  o f  complotlon 
Caring Y a t o r ~ a l  Schedule 40 PVC Casing Diamotor 4 1/2" 0 D - 
Seroon ~ a t ~ r l a j  Schedule 40 10-slotted PVC 
D8tO In . ta l l 0~  05/18/1989 ~ p p r o r o e  B Y  

~ n s t a l ~ o d  BY R O T  Treat 

B o c ~ ~  Flats Alluvium and Landfill 
I - - P  

~ u r t a c o  Casing Diamotor 8 518" 0-D- 

Qoologis t 
CURP M w u g . r  

comments Set stainless steel centralizer from 22.93' to 24.14' below Rround surface. 

e 

,-* 3.3' Protective casing stick up 

th 



WELL 
COMPLETION 
IN FOR MATION 

QA BylDate 4&u+!LfI /, 'P//- /r, - 2-y-3 
Loeat1.n Rocgy Flats PlanL, Landfill Area W o l l  No.  9 m h i  PQ 

Coordinates N 39392.03 E 20202.53 (RFP) ElOV8tiOn Ground Surfaeo 5984 5 '  
Total Dopth. W e l l  36-61' TOP of ~ a r b n g  5986.57 '  

Formation o f  ~ompl . t i on  Weathered Clavstone 
Casing Yatorbal Schedule 40 PVC c a r ~ n g  Dlamotor 4 1/2" O.D. 
Scroon Yat.rl.1 Schedule 40 10-slotted PVC 

Borohoio 45 .0 '  

e 

Comment. Unable to set an upper bentonite pellet seal due to colloidial mixture 
above sand pack, volclay grout was placed above sand pack. 
:lo Lcntralizer usea. \Jell was constructed 111 augers. 

2.07 '  Protective casinz s t i c k  up 

I I la.. *:I 
# 

Clltor Pack 
Lorgth (ft.1 .. 

-t- lorohoio 

)lam tor: 

11'' 

2 5 . 9 '  

l0t. l  
b (11.1 

and slough 



WELL 
COMPLETION 
INFORMATION 

QA 8y10ate f - 3  -9, QI @ Locatlon R&%t%y$fi< Area Woll  No B306389 _ _  
Coordlnator p 392 72 29 E 20465 42 (RF") Elovation* Ground Surfaeo 5977.59' 
t o t a l  Dopth- W o l l  43-05' t o p  ot Caring 5979 49' 

formation o f  Completion Weathered Claystpne 
Caring Yatorlal Schedule 40 PVC Casing Diamotor 4 1/2" O.D. 
Sereon Mat0rl.J Schedule 40 10-slotted PVC 

0.10 I n r t a l l o ~  05/02/1989 Approvod B y  
In.tall.d By R-T- Treat 

Boreholo 47.5' 

~ u r t a c o  car ing  ~ i a m o t o r  8 518'' 0 D 

O.0logl.t 
CEARP Mano~or 

commontr Set stainless steel centralizer from 41 45' to 42 65' below ground surface 

~~ ~~~ ~ ~~ 

3.1' Protective casing stick-up 

I Flltor Y a t o r l a k - t d  . I 

I 
I I 

T 

1 
loroholo 
)lamotor 

7 1/4" 

t, 1 W o l l  to ta l  

3 I I 

Backfill Y a t ~ r l a l . ~  



W E L L  
COMPLETION 
INFORMATION 

5=2 4- a QA L oca B y - e  tlon b 1 Area Woll  No 9 

ElOV8tlOn: Ground surraco 5969 7 '  ~ o o r d i n a t o *  N 39566 50 E 20828.68 
Tota l  Dopth. W o l l  14 74' t o p  ot CamLng 5971 56'  

~ o r o h o ~ o  20.0 ' 
Formation or Completion 
Caring Yatorlal Schedule 40 PVC Caaing DLamOtOr 4 1/2" 0.D 
Scr0.n Yatorial Schedule 40 10-slotted PVC 
0.10 I n r t a i i o ~  05/22/1989 Approvod B y  
inrtatiod ey S P. Carpenter 

GoologL. t 

c o m m ~ n t r  Set stainless steel centralizer from 13.27' to 14.47' belov %round surface. 

ROCICY Flats Alluviun/Artifical Fill 

C U R P  -r 

e 

Ground surracc 

Surtaco Soal. 
Y a t orlal: 

t B n tomlto 

- 
A 

flitor Yatorkl :  - 

3 0' Protective casing stick up n 

1 la mo t a r: 1 I 
-1 I 

~ ) . ~ k f l l l  i/4" VolclaY bentonite pellets and slough 



WELL 
COMPLETION 
INFORMATION 

QA ByIDate 
Location d c k v  Flats Plant, Landfill Area W.11 No B206489 
Coordinator N 39445.20 E 20865.79 ( W P )  Elovation- Ground surfat .  5969.14' 
Total Depth* WoiC 11-35' Top of Caring 5971.46' 

Formation o f  Complotlon Rockv Flats Alluviud Weathered Sandstone 
Caring Matorial Schedule 40 PVC I ' casing Diamotor 4 1/2" 0 D- 
Seroon MatoriaJ Schedule 40 10-slotted PVC motor 8 518'' 0.D. 
0.10 ~ n r t a i i o ~  05/04/1989 Approvod By 
Inrtaiiod B Y  R.T Treat SI t o'M .nag or 

d w  ~ D A  /, -- 5 -- f34 

~ o t o h o ~ o  41 50'  

Goologirt  
CEARP Muug.r 

~ o m m o n t r  Ser: s r a d e s s  steel centralizer fron 9 85' t o  11 05' below ground surface 

Ground Surfre1 

7 
Surfaeo Soai 
Matorlal. 

VoLclay grout 

Bo n t omit. 

F k : : k t h  (ft. 

Fiitor Yatorlai. - 
16-40 Silica 

sand' 

Back f 111 

3 00' Protective casing sticic-up 

Backfi l l  Matorlai./ 1/4" Volcla-r bentonite pellets 



WELL 
COMPLETION 
INFORMATION 

W.11 No. B206589 
C0ordlnat.s N 39475 67 E 21023.37 (WP) Elovation- Ground Surfaco 5967 80' 
Total Dopth- W o l l  36 24' Top of Caalng 5969 72' 

Formation o f  Complotlon Weathered Sanasrone 
Caslng Yatorlal Schedule 40 PVC Casing DIam0t.r 4 112'' 0-D. 
Seroon Yator1.j Schedule 40 10-slotted PVC Surfat. Casin amotor 8 518'' 0.D. 
Oat. Installed 05/05/1959 Approvod By 
InStallod B Y  R T. Treat Sit0 Managor 

Borohola 41 50' 

Goologlst 
CURP W r  

~ o m m o n t s  Set stain less steel centralizer from 34 62' to 35 82'  below ground surface 

3.00' Protective casing stick-up 

116-40 Silica 
sand 

Clltor Pack 

8urfaco Caslng 'F 
loroholo 
3Iamot.r 

7 1/4" 

I 
23.5d' 

Woll Total  

IT1 

J I I 1% 1 l=i--I 

Backflll Y a t ~ r l a I . ~  114'' VolC1av bent ontte pellets 



WELL 
COMPLETION 
INFORMATION 

QA BylD.10 chi- /5---a-B 9 
Location Landfill Area Wol l  No. B206689 
Coordinator N 39605.03 E 21263.69 (PS'P) Elovatlon Ground Surfaeo 5959 31' 
Total Dopth: WolL 19*41' t o p  o f  Caring 5961 20' 

Formation o f  Comp~ot lon  -Weathered Claystone 
Caring M a t o r ~ a ~  Schedule 40 PVC Caring 01amotor 4 1/2" 0.D- 
Scroon MatorlaJ Schedule 40 10-slotted PVC 
Oat. Inrtallod 04/23/1989 Approvod B y  
Inrtallod m y  E=M* Hill 

c o m m ~ n t r  Placed stainless steel centralizer from 18.09' to 19 29' below ground 

Boroholo 21 7 ' 

Surfaco Caring Dlamotor 8 518'' 0 

Ooologlrt  
C U R ?  Mrug.r 

surface 

3 0' Protective casing stick-up n 

rring 

a 7 '  

o h  
Dopth 



WELL 
COMPLETION 
INFORMATION 

-@ /5-2 4-84 
Woll  N o  Plant. J,anQfrll, Area B706789 

~ o o r a i n a t o s  N 3983 6 . 1 6  E 21064.3  4 ( W P )  Elovation: around Surfaeo 5927 9 '  
t o t a l  Dopth-  W o l l  2 0 * 5 2 '  t o p  ot casing 5930.19'  

Formation of Complotlon Weatnered Claystone 
Caring Yatorial S A ' W & I ~ ~  40 pvc casing ~ i a m o t o r  4 1/2" 0.D. 
Scroon Yatorlal Schedule 40 10-slotted PVC 1 8  0 D Surfaeo Caring Dpmotor  8 518 

Approvod By 

C U A P  
Comments Set stainless steel centralizer from 19.01' to 20 2 4 '  below zround surface. 

3 . 0 '  Protective casing stick up n 
t o p  ot Caslng 2 29 '  3 

I I 

N + 
w i: 

8urf.e. C 

BOrOhOlO 
~ ~ a m o t o r *  

7 1/4" 

' o r  of  Se r jon  Dopt 

r a h g  

9 8' 



WELL 
COMPLETION 
INFORMATION 

Lc-9 - 3 9  
s Plant: Landfill Area Well No B206889 

CoordInat.8 N 39838 69 E 21684.46 ( W P )  Elovatlon. Qround Surfaco 5917.09' 
Total Dopth. Wolb l8 2 '  Top of Ca8ing 5919.15' 

 orn nation of  ~ o m p ~ o t ~ o n  Weathered Claystone 

Seroon Yat0rl.J Schedule 40 10-slotted PVC 
0.10 Inrtal lod 04/27/1989 Approvod By  
Inrtal lod BY E If Hill 

Cornmontr Placed stainless steel centralizer from 16.75' to 15 0' belov ground 

Boroholo 19-5' 

Caring ~ a t o r ~ a ~  Schedule 40 PVC Casing Dlamotor 1/2" O.D 
Surfaco Carlng Dlamotor 8 518" 0 D. 

Ooologirt  
CEARP Mwug.r 

surf ace. 

3.0' Protective casing stick-up 

th 



WELL 
COMPLETION 
INFORMATION 

For mat Ion of C o m p Io t lo n 

Caring Yator~at  Schedule 40 PVC car ing  ~ i a m o t o r  4 1/2" 0.D. 
Scroon YatorlaJ Schedule 40 10-slotted PVC .tor 8 518'' 0-D- 
Oat. 1n8ta11.d 04/20/1989 Approvod B y  
InmtallOd BY R.T. Treat 

Commontr Set stainless steel centralizer from 21.10' to 22.30' below ground surface 

Weathered Clays t one 

QOOlOgirt 
CEARP Mwug.r 

3.0' Protective casing stick-up 

18lng 

. 11.80' 

1 W o l l  to ta l  
.I 

Boroh 
Total 
(11.1 

o h  
Dopth 



w ELL 
COMPLETION 
INFORMATION , 

QA Bytoate 4~w.~  / </-ab - d 9  
J # 

Location Rnckv F l a t s  P h t :  u d  FL 11 Area Well No. B207089 
Coord1nat.a N 4CllS.59 E 21741.54 (PZP) ElovatIon* Ground ~ u r t a c o  5883.07' 
Total Oopth* Walt 54*o' TOP of  casing 5564*95' 

* 
Boroholo 60.0' ,751 h-bh 

Formatlor of Completion Unweathered Sandstone 
Caalng Natorlal Schedule 40 PVC Caalng 01amotor 4 1/2" 0 D. 
Scroon NatorlaJ Schedule 40 10-slotted PVC Surfaco Casi 

0.10 Inrtallod 04/25/1989 Approvod By 
InstaIIod By Treat 

~ O O l O ~ l 8 t  

CEARP Mwug.r 
~ o m m o n t s  Set s t u e s s  steel centralizer from 52 6' to 53.8' below ground surface 

Qround Surfac 

7 

Baekf111 I-- 

,-, 3.0' Protective casing stick-up 

-t- 
lorohmlo 
)Iamotor: 

7 1/4" 

8 h @  

31.32' 

Woll Total 
Depth (11.1 54.00 



WELL 
COMPLETlON 
INFORMATION 

@ QA By/Date &?-&! / ad w [c 6 A -2 9 -SF. 
~0cat l . n  kocky Flats Plant; Landfill krea W a l l  N O .  B7 07189 
~ o o r e i n a t o s  ll 48107 -04 a E 21741.7 5 (KFP) Elovation: Ground Surfaeo 588 4.00' 

77.76' Toe ot Casing 5086*72' Total Oopth: W o l l  

Formation ot ~ o m p l . t l o n  Unweathered Sade-tme 
~ a s ~ n g  ~ a t o r l a l  Schedule 80 PVC casing o ~ a m o t o r  2 3/8" O.D. 
Soroon Mat0rl.l Scnedule 80 10-slotted PVC 
Oat. t n s t a ~ ~ o e  06/19 & 06/20/1989 Aeerovod B y  U /  G r n ~ d d ,  
1n.t.fifi.d ~y H.G. Bienkovskr Slto Yana9.r 

i 
~ o r o t ~ o l e  259 ' (+A 

~ u r i a c o  Casing otamotor 5 518" 0.D. 

t3.otogrs t 
CEARP 

~ o m m o n t s  No c-er used. W rods. 

2 7' Protective casing sLick up n 

16-40 Silica sand fron 77.85' t o  well lid 



WELL 
COMPLETION 
INFORMATION 

- 
Well No. B207289 

C0ordinat.s N 40284.53 E 21264.93 (RFP) Elovation. Ground Surfaeo 5948.27' 
Total Depth* WolL 15-89' TOP of  casing 5950.49' 

Formation o f  C o m p ~ o t ~ o n  Weathered Clavstone. - -  
Casing Yatorial Schedule 40 PVC Casing Dlamotor 4 1/2" 0.D 
Scroon ~ a t o r i a j  Schedule 40 10-slotted PVC .tor 8 5/8" 0 D 
0.10 1nrtaI1.d 04/28/1989 Approvod B y  
Inrtal iod B Y  E.M. Hill 

C o m m ~ n t s  Placed stainless steel centralizer from 14 36' to 15.56' below ground 

Soroholo 19 - 5 ' 

~ O O l O Q i r t  
CEARP Mrug.r 

surface 

, e  

3.0' Protective casing stick-up 

Surfaco Casing 

loroholo 
> Iam t 0 r* 

7 : /4" 

I I I I - . * 4  
boroholo 
to ta l  Dopth 

(it.) 



APPENDIX F 

Analytical Data for 

Present Landfill Borehole Samples 
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APPENDIX G 

Present Landfill Groundwater Quallty 

Data Exceeding Background -- 
Uppermost Flow System 
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APPENDIX H 

Summary of Phase I1 

Geologic Charactenzation Data Acquisition Work Plan, 

March 1991 



@ The followng summary of borehole drilling and data acquisition activlties is based on 
information presented in the Phase TI Geologic Characterization Data Acquisition Work 
Plan, March 1991. 

Task 4 of the Work Plan is a multifunctional task involving borehole drilling, data 
acquisition, borehole plugging and/or well installation Slxty-five boreholes are planned to 
be dilled to an appronmate depth of 160 feet The two boreholes planned in the Vicintty 
of Operable Umt No 7 are shown in Figure H-1 All boreholes will be continuously cored 
from the ground surface to total depth 

A full suite of geophysical logs will be run in each borehole The logging suite wll include. 

Temperature, 
Fluid Resistivity, 
Caliper, 
Spontaneous Potential, 
16-inch Normal Resistivity, 
64-inch Normal Resistivity, 
Natural Gamma Ray, 
Neutron, 

(9) Gamma-gamma Density, and 
(10) Sonic log (Delta-T only) 

Following geophysical logging, up to 100 packer tests will be performed in the boreholes to 
estimate the hydraulic conductivity of selected subsurface zones 



Figure H-1 

Map Showng Locations of 

Selected Boreholes to be Drilled 

under the Phase I1 

Geologic Characterization Data Acquisition Program 

(not yet created) 
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